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Aidhore Preface 


Cajal’s story is a remarkable one— varied yet always engaging— 
and his personality is appealing from first to last So much have 
I found this to be true that tlie many hours of research exacted by 
die preparation of his biography have been a pleasurable release 
from the more prosaic duties of recent years If my own enjoyment 
in uTiting this book somehow manages to seep through its pages 
to the reader, he too, perhaps, will find this acquaintance widi 
Cajal rewarding and die events of his life as interesting, amusing, 
and poignandy touching as they have seemed to me Though I 
admire Don Santiago gready, I have tned to keep diis account 
from becoming a mere glonfication of a great man I have tned to 
present a true portrait of him as he was to those who knew him— 
in all his strength of character and of purpose, yet with none of 
his human weaknesses hidden from view A hit disconcertingly, 
the weaknesses have proved to be but few and are for the most 
part endeanng 

Throughout the chapters there are a number of quoted pas- 
sages, translated from the Spanish of Cajal’s ovm works chiefly, 
hut also frequendy from other Spanish wntings, and from Ger- 
man, French, and Itahan sources as well Translation imposes its 
own hnutations Cervantes says somewhere m Don Quixote that 
translating from one language to another is hke lookmg at a Flem- 
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Author’s Preface 

ish tapestry from the wrong side though the figures are visible, 
they are full of threads that obscure them and are not bnght and 
smooth as they appear when seen from the nght side Although I 
know how much my English versions must lack of the full flavor of 
their foreign ongmals, I have made them as accurate and as easy 
and natural as my slender ability perrmtted Perhaps the quota- 
tions from Cajal will, m spite of me, give some hmt of his thought- 
provokmg quahty and of his gift for trenchant, vigorous expression 

My task in completmg this hook has been immeasurably hght- 
ened by the generous help of several unknown fnends m Spam, 
the Argentme, England, and North Amenca who have supplied 
me with first-hand matenals that have added many reveahng 
touches Outstandmg among these silent coUahorators are Dr 
Luis Ram6n y Cajal Fanands, Cajal's only survivmg son, Dr 
Francisco Tello, Cajal’s successor as director of the Instituto Cajal 
m Madnd, Dr Fernando de Castro, Cajal’s pupil, and today one 
of the leadmg figures m Spanish histology, and Dr Molses Polak, 
fnend of another of Cajal’s pupils. Dr Pio del Rio Hortega, and 
his follower as Director of the Laboratory of Histological and His- 
topathological Investigation of Buenos Aires 

I am deeply mdebted to Sir Charles Scott Sherrmgton, leadmg 
British physiologist, for the admirable mtroduction he wrote for 
this book, and to Dr Wilder Penfield, Director of the Montreal 
Neurological Institute, for his land permission to quote from any 
of his writings I am grateful, too, to Mr Henry Schuman, pub- 
lisher of this biography, for his encouragement and telhng sug- 
gestions 

I hope this book wiU prove deservmg of aU the courtesies ex- 
tended me m its preparation and, most of aU, I hope, humbly, that 
It will prove deservmg m some shght degree of its great subject 
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A Mcmotr of Dr. CajaJ 

B\ Sin Charles Sherrington 


The sudject of tins Memoir was, besides much else, a man of 
outstanding personality Tlic excellent biographical portrait here 
furnished of him has brought back to me, vividly, a number of first- 
hand impressions rcccn cd half a lifetime ago Should this Memoir 
seem perhaps overladen witli individual reminiscence, that, 
whether defect or not, is attributable to the conjunction of an 
exceptional human character witli its unusually successful por- 

traval bv the i\Titer who follows me 
✓ * 

Santiago Ram6n y Cajal spent his only \nsit to England— a visit 
of some two weeks’ duration— as my house-guest He had been 
little outside Spam He was naively interested in what he saw of 
England He was, for the time being, at a disadvantage conversa- 
tionally, because he had no English, and what Spanish his hosts 
possessed did not suffice for more tlian a few halting sentences 
His w'ay out of tins difficulty was to employ a sadly imperfect 
French, w'hich he drove to its utmost limit or beyond German he 
did not speak 

His nch voice compelled attention to whatever he said The 
memory of that voice remmds me I have a pnvilege regardmg him 
which, owing to lapse of time, must be becoming rare My mind’s- 
eye recalls him as he walked and talked and indeed as his outward 
appearance was, just at that stage of his career when he had re- 
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A Memoir of Dr Capl 

cently become, m his own Ime o£ science, an international figure. 
I see him a man perhaps a httle below medium height— at least m 
London— broad-shouldered, spare, and strongly built Of dark com- 
plexion, his ohve-slcinned face ht by bnlhant eyes deep brown in 
color and of steady gaze His hair almost black and closely cropped, 
trespassed low on a wide forehead The strong face, completely 
shaven, had mohJe, muscular hps His hands as he sat and talked 
seemed to ask to be doing somethmg He was dehberate in his 
movements, but they were habitually energetic He did not smoke, 
not even a cigarette On being offered, madvertently twice over, 
‘‘somethmg to smoke,” his reply was a vigorous, “Mais la vie mod- 
eme est une chose d6j^ fort comphqu^e Porter du tabac, des 
allumettes, etc , ga serait de la comphquer encore plus Merci, 
non!” His philosophy of life even in httle thmgs was never far to 
seek 

Two days after his arrival, as m the mommg we salhed from the 
house-door mto the street, he surpnsed me by the remark that 
England’s decadence was mdeed obvious and that Spam regretted 
It I asked him why he thought England decadent He rephed, 
“Pas de fabnques pas d’usmes ” He told me that he had looked 
for them from the tram wmdow as he travelled from Calais, and 
there were none, and he now found very few m Lnndon itself 
I said, “In this part of London there are not many, but m London 
taken as a whole there are many— too many'” I added, “Much busi- 
ness IS done m London Crowds of people come mto London every 
mommg for business and leave agam m the late afternoon ” Feel- 
mg that he was stiff incredulous I asked if he would care to see 
them Yes, he would So next mommg hy 8 30 we were on Lon- 
don Bndge The Bndge was flocked with people cormng m from 
the Surrey side and a stream of wheeled traffic along with them 
Cajal was deeply impressed, it was difficult to get him away The 
next day, at his request, I sent him— I could not go myself— to 
watch the scene agam 

He was stnkmgly simple m several ways At dmner one evenmg 
[x] 



A Mcv.mrof Dr. Cajnl 

v.IiiuIm)! v.ctr H nnl ’Ilir tli'-li un< new to hnn I Ic cnnld not he 
pri'-rndt to t u the tun fnh wltole nlihmti;]) lie ilte rc'^t of u*; 
ihv.m: ‘K Ur jvr'WrtI m niirmi'ttne to liw'^ett otit tin lnc]>l>nnc 
in < 'eh me wlreli v. it ntlu r .1 trnl to ln< hosti W'c were 
.'htetl to find thii inriK lie would often nnmgc to follow 
the t r!» : d ihift <'f nlh it tihle. md th u he ilul not !< i the Inn- 
j'lnv^r di''il )h;\ <h'ci hnn ftom pnnin” in lit would reinforce 
crnienit on v ,ih .1 little Tt 'jvrUi, n 'hmt 01 ition vhidi dtiel 
rjM\l 1!'. r'' n ,^^lon niw thmiN lit wt uld tniplnti;c hy a 
ruT’! tlr-mi.c et ’•tint . frt v huh hw left Innd Ind Km |ntpirint; 
n It h ■nd h‘’d h-t n hii 1 \ i-mnMni’, tin hn ul ht '•ule Ins dinner 
p' '!r It wi ‘lid iMtht j ilu iuniih into i lueh p\ ninulil hi ip and 
thtn. M his tl< nn; v(i»K vv,fcp tlirni v ith his eupptd 
li' id ftr n tilt, t-*! h 'o tlieciiprt, icunnp'nu tl In 1 Llnllmt^int; 
lti -I nnd. ird to ilic dnni iv t f the lin’d •' nun; dim nn\ line 
Km 1 ”id of :hrt( r.c 'rtjuucd it tlu. fuiious Cift Siiiro in 
who t vrtlK dehuinecliihC 011) V i«, I htlitit . proiiunmt Cijal 
w V ' utj” ' ed •{> find 'o little t ift life in homlon, no outdoor cifd 
hft .till 

I Ic h 'd nu'TC tlnn onct* iru ntmiu d his v nh to til e from I^ndnn 
’t me pjft< It-r liis wife inti children, md wc lunclud it the Army 
md \i\\ Stott '”lnt he niielu chrwvc there ^omc thinp'. for them, 
lie V '>< mnud it the iitmt iml \-’nctv of the store lie spent 
ihttc houn tlitrc 1 ui v uhout mil me 1 purclnsc Cich time his 
finci' diet 'ud 1 ] urtli ee, lin Spinnh ln\t of i Inrjnm impelled 
limi to opt n 1 dtlnie pmly in dumhslum. with the s-rlesmm or 
siltsvtmim V nil the object of Inwcrmj; the price asked' lie 
scemtd prtpirtd to derate the whole afternoon to such an at- 
tempt I t\pcci lint where he md his wife did tlitir shopping m 
Midnd, Inrgiining v is still i cusiomar)’ procedure 
Tins simphcit) of Cijnl’s v ays and idcns is mentioned here be- 
cause It illustritcs how singular a mixture he presented of old time 
ways and ultn modem science Tlicrc was clearly an element of 
greatness in him With pcasmt-likc nan ctd as to many of the ordi- 

[xt] 




A Memoir of Dr Cajal 

Capl, and somewhat to Cabals di';gu';t— a conspectus of llic Cajal 
conception, styling it tlic "neuron” llicory. Tlic term, altliough 
still current, i-; now less used than once Cajal himself clinched his 
new concepts by illustration \\ ith a number of admirable drawings 
from his own hand m hard black and white A step amounting to 
genius, taken by him at an early stage, was his resort to matenal 
from the cmhiy o (e g , the duck) so as to escape the difficulty pre- 
sented to his metallic methods by the developed mjehn-sheath. 
As e\idcnce of the breadth and sweep of liis attitude toward tlie 
anatomv of ncnc tracts in general, the following incident, which 
I gi\e at first hand, is characteristic I was helping him to ehoose 
some microscopic preparations from among those he had brought 
wntli him for the illustntion of his Croonian Lecture at the Royal 
Society He handed me a preparation showing nerve fibres de- 
scending to, and ending in, the spinal cord, and, as he did so, said, 
"Pjramidal tract ” "But,” said I, after a hesitation, "isn’t this from 
die chick'5 Birds hate not am, pjramidal tract ” All he answered 
was, "Bicn, e'est la mCme cliose” My remark, diough correct, 
touclicd a detail too tnvial for him to regard 

A trait veiy noticeable in him w’as that in describing what the 
microscope showed he spoke habitually as though it were a living 
scene Tins w as perhaps the more sinking because not only were 
his preparations all dead and fixed, but they were to appearance 
roughly made and rudely treated— no cover-glass and as many as 
half a dozen tiny scraps of tissue set m one large blob of balsam 
and left to diy', the cun'cd and sometimes slighdy wnnklcd surfaee 
of the baisam creating a difficulty for microphotography He was 
an accomplished photographer but, so far as I know, he never prac- 
ticed microphotography Such scanty illustration as he vouch- 
safed for the preparations he demonstrated were a few slight, rapid 
sketehes of points taken here and there— depicted, however, by a 
master’s hand 

The intense anthropomorphism of his descnptions of what the 
preparations showed was at first starthng to accept He treated 
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A Memoir of Dr Cajal 

the microscopic scene as though it were ahve and were inhabited 
by beings which felt and did and hoped and tried even as we do 
It was personification of natural forces as unhmited as that of 
Goethe’s Faust, Part 2 A nerve-cell by its emergent fibre “groped 
to find another”! We must, if we would enter adequately mto 
Cajal’s thought m this field, suppose his entrance, through his 
microscope, mto a world populated by tiny beings actuated by 
motives and stnvmgs and satisfactions not very remotely different 
from our own He would envisage the sperm-cells as activated by 
a sort of passionate urge m their nvalry for penetration mto the 
ovum-cell Listenmg to him I asked myself how far this capacity 
for anthropomorphizmg might not contribute to his success as an 
mvestigator I never met anyone else m whom it was so marked 

And there is yet another feature of Cajal’s scientific verve which 
readmg the accompanymg biography has brought to mmd msist- 
endy, and m it lies an element not without a pathos pecuhar to 
Itself The “Cuban Interlude,” so styled m this volume, lays bare 
to us Cajal’s consummg love of country This patnotism, at once 
passionate and patient, was at that epoch m Spam submerged in 
a general flood of contemporary frustration, especially as to all that 
pertamed to distmction and achievement m the realm of natural 
science A devastatmg pessimism reigned m Spam m those years, 
paralyzmg modem Spam’s grasp of and competence m science A 
comment of Cajal’s ovm countrymen on his early pubhcations ran 
to the effect “Who is oiu Santiago to attempt to teach foreign 
savants?” 

Cajal’s own nature was far too strong for such despau His faith 
m his country never faltered His feelmg was that if his country’s 
powers had waned, it was for him and his contemporanes to give 
them renewal Whence did he draw this inspiration? Not from his / 
father, enough is told us to let us know that, although his father/ 
was remarkable and worthy and m a number of respects a forcej 
ful character, his stmggles had choked out of him all trace or 
romance As for Cajal himself, love of and devotion to Spam radi- 
[xiv] 



AMcmoirofDr Cajal 

ated from him m liis daily intercourse Tlicir utterance did not 
take the form of fond praise of all Spanish ways of life and modes 
of thought 

Often his reaction was regret at some defect he detected in 
Spam as contrasted with elsewhere At die time when he was in 
London the "hansom cab’’ was the London gondola, it provoked 
from him die quaint comment, "Tlie grey matter grows well under 
grey skies’’’— meaning by “grey matter’’ the sheet of the brain 
whicli anatomy connects with intellect, and by "grey skies” the 
sky of Britain as contrasted with that of Spam Tlic picturesque 
phrase was a favourite with him, it revealed how constantly his 
mind harped on die intellectual success and status of Spam Tins 
solicitude for his countr)’’s repute deserves cvplicit mention here, 
it was perhaps the most powerful driving force in the make-up of 
his whole scientific character It lifted him altogether above all 
personal vanity His science was first and foremost an offering to 
Spain, a spintual moUve which added to die pnvilege of knowing 
the man 
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In the mtncate warp of the hr am one can advance 
only step by step, and if one is to do so safely, the 
front trenches must be dug by men like Meynert, 
Golgi, Edtnger, Flechstg, KolUker, Forel, and the 
other great ones 

But my youth of those days, quite confident and 
perhaps a little presumptuous, knew nothing of the 
wholesome fear of error, and I threw myself into the 
task with sure faith that in that dark thicket where 
so many explorers had been lost, I should capture, if 
not lions and tigers, at least some more modest game 
scorned by the great hunters 


— ram6n y oajal 



1. Paiicnis and Partridges 


;M<7« h r? o> CT the redJess sea, the flomtig water, 
the sjght of ^k), mul forgets that of all wonders man 
himself JS the most uondcrftil 

—SAINT AUGUSTINE 


From a mi'^lucvou*:, fun-lovmg "problem" boy, the torment 
of bj<: parents and lus tcacliers, Santiago Ramdn y Cajal became 
in Ins nntuntv Spam’s most disimguisbed scientist and one of 
ibc pre-emmem men of science in the world Tlicrc is something 
of c\ entiling in ins absorbing life sior)’— comedy, irony, drama, 
baartbrcab, failure, and inumphani success at the last 

Caial’s career was full of contrasts and contradictions He bad 
longed to be an artist but became a doctor, though at first he dis- 
hl.cd medicine 1 Ic was an ardent patnot and once went overseas 
to fight for Spain but never saw a skirmish or a battlefield In- 
stead, he was destined to be a soldier of the mind, adding to his 
counin’'s glort’ from the cacpicce of his microscope— when he 
finalb managed to get one Ivnow’ing his owm temperament, he 
had chosen as his field the most unspectacular of die sciences— 
the siud\ of the minute arcliitccture of the nerv'ous system, yet 
dunng his long lifetime he would often be showered wnth that 
verj' notoriety he shrank from When he began his work he had 
only the most meager cquijament, in later years a magnificent 
scientific institute would be built in his honor on a hill overlook- 
ing Madrid— though he w’ould seldom set foot m it, it w'as far 
too grand for him' 
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Explorer of the Human Brain 

His biography is nch in spintual impbcations, showing at every 
turn how the perseverance of genius accomplishes its ends m spite 
of all the bamers time and race and country (not to mention 
human envy and weakness) so often manage to heap up m its way 

He was bom humbly on May i, 1852, m the little village of 
PetiUa, which, by a queer geographical freak, though situated in 
Aragon belongs to the provmce of Navarre Even to find P^hUa 
on a map, let alone make one’s way to it, is something of a task 
In Cajal’s day the stranger approached it mounted upon a mule led 
by someone famdiar with the region This is Cajal’s description of 
his birthplace and the mgged country that surrounds it 

The panorama that strikes the eye from the railmg of the church 
could not be more romantic and at the same tune more gloomy and 
desolate Rather than the home of happy and hardy peasants, it seems 
a place of punishment and expiation A huge mountain, rocky and 
jagged, with steep, eroded slopes, fills the horizon with its great hulk 
At the foot of this giant, a brook, nsing m the hills near by, runs mu- 
sically along the narrow valley floor beside the dangerous path that 
leads to the place The sides and spur of the mountain, being the only 
arable land available to the people of Peulla, are streaked with 
many narrow fields laid out in terraces and lahonously defended 
against washouts from the torrential rams by stone buttresses and thick 
walls Upon the peak, as if protecting the town from the cold north 
winds, great rocks shut off the sky and nse imposingly, hke sharp 
sickles, a land of Cyclopean wall raised there by the force of some 
geological cataclysm In the shelter of this natural defense, reinforced 
further by a feudal castle now in nuns, the humble houses of the 
village, between forty and sixty in number, are bmlt upon rocks and 
separated by irregular streets, passage through which is hmdered by 
crevices, stairs, and furrows cut m the rock by the violence of the rush- 
ing waters As one looks at these imserable homes, he feels only sad- 
ness— not a flowerpot m the windows, not the least adornment on the 
housefronts, nothmg to mdicate the shghtest feehng for beauty or the 
shghtest aspiration toward convemence or comfort 

It IS easy to see that the coimtry people who hve m these ivretched 
[2] 



PnttC7:ts and Partridges 

d\\cllmr,<: nrc condemned lo T Inrd CM<;tcncc with no other interest 
tlnn to get h\ ngnron<; lilxir the most frugil daily nourishment . . . 

An<] ihc groat nnjorili of tlic jicoplc in my village do live so, with 
tnlling diircrcntxs I'hcir ignorance is the result of their poverty. For 
them tlic intrllcctinl plcv^urcs tint imKc life .ngrcc.iblc and compen- 
sate us for Us hrc\ itj do not exist 


CAT \L.’s I’Ani NTS 

To Tins Ml i.ANciion viu ACi tlic uiiccrt.aintics of the medical 
profcsvion Ind taken Justo Raindn Oisnsus* some years before 
die bmh of Si ungo, his eldest child Don Justo was a man of 
I i "ordimra chinctcr. lie hid been born the \oungcst son of 
modest farmers in Larres, a \illagc in tlie proiincc of Hucsca 
U] on the deatli of his paants, his older brothers inherited the 
famiK farm, ind when he was still \cr\ \oung. he had to leave 
liomc to mal.c Insow n w av in the world As was the custom in those 
da\s, Ik. .ajipicnticcd himself to a surgeon of Javierrc dc Latre, a 
a illagt on tlielnnl. of ihcG dlcgoRncr not far from Anzinigo He 
sjitni almost ten \tars with Ins master, becoming a barber and 
blood kiter, cjuuc in the tradition of the Spanish picaresque hero 
Gil Rl IS, tbougb on n much higher let cl so far as ibc real skill and 
learning of Ins tc icbcr were concerned In fact, Ins master w'as 
famous for Ins brilliani cures He not only inspired Ins pupil by 
Ins example but also gate him the free use of bis librar)' of books 
on surgen At this jionu l^on justo miglu have stifled his ambi- 
tion b) bLComing a male nur^e Bui that was not enough for him 
1 Iis one desire now’ was to become a fully trained doctor of medi- 
cine 

’ Spanisli surnames arc commonly made up of the surname of tlic fatlicr, 
follow td by die surname of the mother bclore her mamage Tlicsc arc 
often, but not aivajs, connected by ‘y," which means “and” Ham6n 
Casasus, Ilamdn y Cnjal ChomeUincs, for hrc\ ity, only die second of the 
compound sum line is use'd— e g , Cajal"— when no given name or tide 
precedes it ) 
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Explorer of the Human Brain 

The time came when, if he were to begin to attam this goal, he 
would have to break with his present hfe and get further trammg 
by some means or other One day, when he was already nearmg 
twenty-two, he shocked his master by askmg for his pay and re- 
signmg from his position He went on foot the long way to Barce- 
lona, where, after several days of hunger and poundmg the pave- 
ments, he found a barbershop whose owner would let him work 
for him while attending courses at the university With no other 
money than his eammgs at the barbershop, he completed his 
studies and at last had in his hands the diploma of a second-class 
surgeon, this permitted him to perform minor operations but not 
to practice as a full-fledged physician “There,” his son wrote many 
years later, “m his quiet and obscure struggle for spiritual and 
physical nounshment, breathmg that atmosphere of indifference 
and coldness that surroimds the talent of the unprotected poor, my 
father learned that fear of poverty and that exaggerated worship of 
utilitanan science that later, as a result of the mental reaction of 
his sons, were to cause him and us so much trouble ” 

Don Justo soon won a reputation for competence and integnty 
throughout upper Aragon and Navarre, and his modest practice 
brought him an mcreasmg, if never too abundant, mcome Living 
m remote Petilla and passmg through the wooded countryside on 
his rounds each day, he developed a love of the chase With that 
earnestness that he put mto everything, he became an accom- 
plished hunter of rabbits and partndges It was not long, his son 
says, before he had monopolized both the scalpel and the gun 
throughout the whole region So, after two years m Petilla, with 
the returns from the patients and the partndges, he was able to 
establish a home for the girl from his home town whom he had 
loved since childhood It was not until some years later, when he 
was mamed and already the father of four children, that he finally 
earned, through hard study and ngorous economy, the coveted 
degree of doctor of medicme 

Cajal’s mother. Dona Antoma, was a lovely highland girl Her 
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Pntioilsatul Partridges 

<:on hemmn'; ilic hci thnt not a «:crap of her hciut) was handed 
down to anN of Iwr children. Thev were all exact replicas of their 
father If \onng Santiago was cheated in regard to inheritance of 
his mother s handsomeness of face and gentleness of nature, he 
w as not too hadlv vi'-cd hj fortune, for his portraits and photo- 
graphs show a face of aristocratic refinement, with scnsituencss 
and strength of purpose in it, and something of the elegance of the 
Spanish grandee 

From his father he inherited qualities of greater importance to 
his hfevsorh a hehef in strenuous effort and its power to remake 
the world, the amhiiion to make a contnhiition of real worth, and 
the w ill to spare no sacnfice m so doing and to admit of no detours 
in tins stonv road to acliici cnicnt I Ic kaeked, he saj s, his father s 
cxtraordinarx memors’, which had enabled him to mcmori 7 C with- 
out effort whole \ olumcs of pathology I Ic did not lack his father s 
detcnnination and his possession of its match made for bitter con- 
flicts bciw cen them throughout his boyhood 


cniLnnoon and education 

Snomri.a xm n Santiaco’s nmni, his family moved back to 
Lanes, his parents’ nntn e \ illagc Santiago kept only hary memo- 
ries of the \cars spent here— mosilv of his grandlathcr’s w'caving 
shop, where he lo\ed to tangle up threads and shuttles Tlie 
Caj.als’ second son, Pedro, w as l)om in Lands Santiago’s first clear 
recollections were of the much larger town of Luna, near Mon- 
lora, to which his parents removed shortly aftenvard Soon after 
tins, Don Justo, following the vicissitudes of a struggling doctor’s 
lot, mo\cd Ins family to Valpalmas, three leagues aw'ay Tlicy 
sta\cd in Valpalmas from 1856 to i860 Here two little girls— 
Paula and fona— were bom 

When Santiago was four, he entered the district school of Val- 
palmas But Ins real education came from his father in the early 
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years Don Justo was a bom, though inexorable, teacher and could 
no more have given up the chance to instmct his children than he 
could have contented himself with the humble duties meted out 
by his old master of Javierre de Latre His son says of him, with 
the wryness he so often uses when spealong of his father, that he 
was (as Socrates boasted of himself) an “excellent accoucheur of 
intellects ” In later years Ca]al himself was to become that, m large 
measure He says of this predisposition m his father 

There is in the function of the teacher something of the arrogant 
satisfaction of the breaker of colts, hut there enters also the londly cun- 
osity of the gardener who eagerly awaits the spnng to find out the color 
of the flower he has sown and to test the success of his methods of cul- 
tivation I hold, for my part, that to develop an embryomc understand- 
mg IS to attam the most lofty and noble paternity, it is as if to 
correct and perfect the work of Nature To construct ongmal brains, 
that is the great tnumph of the teacher 

Santiago was never to forget the zeal Don Justo put mto teach- 
mg him French The lessons took place m an abandoned shep- 
herd’s cave, and subject matter and setting became so mtertwmed 
in his young mmd that for the rest of his hfe whenever his eyes 
fell on a copy of F^nelon’s TSlimaque he would see the old cave 
agam with its dark recesses and wmdmg comdors 

At SIX he could read and write and had some notions of French, 
geography, and anthmetic As a result of this promismg begm- 
ning, he became the family secretary, and when his father left 
home shortly after to go to Madrid to complete his work for his 
degree, little Santiago was entrasted with the task of keepmg him 
posted by letter on the local gossip and the family news 

In view of aU this precocity, his parents expected somethmg 
unusual of him. They were long to be disappomted, for he turned 
out to be a normal, healthy, mischievous boy, a lover of the out- 
doors and skilled m games and sports He had boundless cunosity 
about the ways of the natural world and an mbom sensitiveness 
to natural beauty Coupled with this were a love of sohtude and a 
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through a window, shattered the ceiling, glanced off the teacher, 
destroyed a picture of the Saviour, and disappeared through a 
mouse hole m the wall 

Cajal analyzes his reaction to this strange tragedy 

For the child, Nature is a perpetual marvel— the saenufic concep- 
tion of law penetrates the child bram very slowly This seermng capn- 
aousness m Nature does not disquiet the child That is prevented by 
the profound optimism of all begmnmg life and espeaally by the cer- 
tamty acquired from the teacbmg of the Catechism that there exists on 
high a good God who watches over the working of the great cosmic 
mechamsm and keeps order among its elements Parents and teachers 
have also told him that the Psychological Pnnaple of the imiverse is, 
moreover, a tender father and a sublime artist That in His mfimte 
power He has mgeniously adapted the changes of the seasons to the 
necessities of hfe, and descendmg from the highest heaven, deigns to 
compose and preserve superb pictures for the pleasure of mankmd the 
sky ivith Its roseate clouds, the fields of sprmgUme sown with poppies 
and dotted with butterflies, the dark mght spangled with stars, the trees 
and the vmes heavy with frmt 

But here, all at once, this beautiful conception which I, hke all other 
children, had accepted was rudely shaken The bnght palette of the 
artist darkened, the idyU became tragedy My mmd floated m a sea of 
confusion, and anxious questions came thick and fast, with no satis- 
factory answer 

The second momentous event of Santiago’s childhood was the 
eclipse of the sim m 1 860 It had, of course, been announced m 
the newspapers and was eagerly awaited by the townspeople, who, 
dark glasses m hand, thronged the hiUtops for the best possible 
view of It Don Justo bad told his children all about echpses, but 
m Santiago's now skeptical mind a doubt still Imgered Could 
human mtelhgence, which had not foreseen the staking of church 
and school by bghtning, predict events takmg place millions of 
miles away from the earth? Yet he found that aU went off with 
admirable precision He was as much impressed by the fear engen- 
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dered in all sentient life by this upset in the regular rhythm of 
light and darkness as by the canny calculations of the astronomers, 
which he now’ had to accept without mental reservations He 
came to see tliat, helpless though man is before die forces of 
Nature, he possesses in science an instrument of foresight and of 
pow’er 

Shortly after diis, a seemingly great political event w’as the 
occasion of an outburst of national patriotism, arousing the first 
sUmngs in Santiago of that burning love of country diat w’as to be 
a dmnng force throughout his life For the first time in many hu- 
miliating years, the banner of Spam floated over a foreign city— 
Tetudn, later to become the capital of die Spanish zone of Mo- 
rocco In the Moroccan w’ar of 1 859-60 the native chief, Muley el 
Abbas, W'as defeated and Tetudn w'as taken w'lth much bloodshed 
The noted Spanish generals Juan Pnm and Leopoldo 0 ’D 6 nnell 
were the men of the hour The festivities organized by the officials 
of Valpalmas m honor of these generals and of die Spanish soldiers 
they had led to victor)' were grandiose for that simple town A band 
imported for the occasion played— scratchily— marches, one-steps, 
and jotas, and there w’as dancing in the streets A roanng bonfire 
m the public square roasted sheep and fowl for everybody Savory 
chunks of meat w’ere passed round and leather botdes of wine 
went swifdy from hand to hand 


THE REIGN OF ISABEL II 

What was the background of aU this celebratmg throughout 
Spam and how important, really, w’as the event it commemorated 
to the main current of Spanish history? Morocco had long been 
the arch enemy of Spam as well as the legendary foe of Chnstian- 
ity From the days of the Barbary pirates it had been a plague and 
a thorn m the flesh, lymg there so close across the Strait of Gibral- 
tar It had been easy for the generals— the real rulers of Spam m 
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fTi7.<; penod— hiding behind the none too dean slurts of Isabel II, to 
play upon this age-long hate when it served their purpose to dis- 
tract pubhc attention from disastrous affairs at home by undertalc- 
mg an expansiomst campaign m Afnca 

General O’Ddrmell had been promment m the temporarily suc- 
cessful Liberal revolution of 1854, although for all his quasi-hberal 
leanmgs he was a staunch supporter of the reignmg Bourbon 
house He had won a name for himself through his foreign policy, 
which had mvolved such vaned activities as his refusal to sell 
Cuba to the United States, his plan to help France in her ill- 
advised and dl-fated attempt to set up Maxamihan and Carlotta as 
rulers of Mexico, and now this war m Morocco The chief result 
of the Moroccan adventure, as it turned out, was to make a popular 
hero of General Pnm, a far more hberal man than 0 ’D 6 nnell and 
one less devoted to the Bourbons 

Pnm was the third of the tnumvirate of generals then ruhng 
Spam The other two were 0 ’D 6 nnell and the tyrannical General 
Ram6n Narvdez, the queen’s mamstay Narvdez controlled the 
army and, when occasion demanded, he would stnke out at the 
growmg hberahsm of the time with the weapons of exile or swift 
execution for those who were "tainted” by it The power of this 
Spanish Robespierre was so great, m fact, that he had managed to 
save Spam from the revolutionary storms that had shaken or over- 
thrown many European thrones in 1848 
These three men explam the era which was the histoncal set- 
tmg of Santiago Ram6n y Cajal’s childhood The character of the 
queen explams it too Isabel was the elder daughter of Ferdinand 
VII and of his fourth wife, Maria Cnstma, a Bourbon of Naples 
and his niece When Isabel was three years old the long died and 
her mother became regent, directmg the pohcies of Spam from 
1833 until the accession of her daughter m 1840, when Isabel was 
only ten Durmg her regency the queen mother had been the sub- 
ject of much salacious gossip as the result of her secret mamage to 
her lover, Don Fernando Munoz, a low-bom corporal whose father 
[10] 
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Int^ onco Icpt n <Tin11 tolncco <;hop Bv Munor Maria Cnstina had 
<;cvcnl chddren. who'^c hinh'^ "^hc had mivch tried to conceal 
from her j'cople, 

Itiahcl V. a<: married while ctill \cra' anung to a man she detested 
with all her passionate hung— her first cousin, Don Francisco dc 
Asis Tins marnage was the outcome of .an international intrigue 
of \ asi proportions tlu, chief proponents hemg Queen Victoria of 
I'ngland •'ud Loui'- Fliilippe and Mane Amelie of Franco In 
spite of the cousins’ mutual repugnance, Don Francisco was the 
onlv candidate found to K' acccptahle to the m\a!tv of Furopc, to 
whom it mattered \crv much at this critical tunciurc that there 
lx* order and suhilita in ^pain Sinngcnt mcthorls had been used 
to forca' tlie strong willed Spanish queen into it Some sqy her 
consent w as stx'uted after a wild supper parta, others sa\ that she 
washullicd into it In her sicjif.ather, Muno? B\ whatever means 
this ill matched pair was hrought together, it was decided that 
Isahel should he married on her hirtlulaa and that her voungcr 
sister. Luisa Fernanda, should on the same dav marrv the Dulc 
of Montpcnsicx, son of Ijouis Phihp|>c and Mane Amdlic Tins 
marnage constituted a smiegic \ ictors for F ranee, for if Isabel had 
no children (and it was nimorcd that Francisco was something 
of a wcalvling}. her <istcr or her sister’s children would inhcnt the 
throne of Spain Such wns the unsaaor)’ affair of the "Spanish 
marriages " 

Madnd welcomed the \oiing queen and her consort with en- 
thusiasm But Francisco was no success as a husband for Isabel, 
and she promptly reahred vhai an unhappy situation she had 
l>ccn forced or inched into on that mcmorahlc midnight when she 
had gnen her consent Tlie marnage was a mocher)' Very soon 
Isabel’s life Ixtcame a long senes of adventures, some earned on 
openlj, others more discreetly hidden from the public eye Don 
Francisco took no part in her gay life It was eas)' for her to find 
more congenial company One of her cavaliers was the dashing 
young army officer Don Francisco Serrano Her motlier, Maria 
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Cnstma, disapproving of the dissipation she saw everywhere about 
her, retired to France Meanwhile the Spanish Liberals too were 
disgusted with the course events were talang and plotted revolu- 
tion, but only sporadic, abortive uprisings broke out, and these 
were qiuckly dealt with 

Eventually the inevitahle separation between Isabel and her 
husband took place and there were rumors that the queen was 
carrying on a love affair with Serrano Marfa Cnstma wrote 
touchmgly from France to persuade her daughter to return to her 
husband for the good of the country and the secunty of the 
Spanish throne Emissanes were dispatched to Don Francisco de 
Asis with the same pleas He responded to them with a certam 
dignity and reasonableness, and thmgs were somehow patched 
up Then, contrary to the expectations m some quarters, Isabel 
did have a family after aU The first of her children died three days 
after he was bom, it was said he had been strangled The second 
child was the Infanta Isabel Six years later, when her son, Al- 
fonso, Prmce of Astunas, was bom, there was national rejoicmg 
and for a time a resurgence of Isabel's former populanty Her 
favonte at this time was the oflScer Puig Molt6, who, upon the 
birth of the child Csaid to be his son), was rushed into exile Later, 
two daughters were bom, and gossip raged over their births as 
furiously as it had over the births of Maria Cnstma’s children bom 
dunng her secret marnage to Munoz But by this time Isabel had 
been mvolved m so many scandals that her mother's amours paled 
mto insipidity beside them 

Though Isabel had graciousness of manner and regal impenous- 
ness, she had no capacity to govern She was constantly swayed m 
her judgments by her ever changmg lovers, and ministnes rose 
and fell at her whim Such was the temper of her reign — essen- 
tially a military dictatorship— with immorahty, conniption, and 
reaction deeply entrenched m it Upheavals were soon to submerge 
Spain in a tearing avalanche But for a tune the generals staved 
them off by just such decoys as the Moroccan war The victory 
[ 12 ] 
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fruit from grateful though cash-poor patients But stolen fruit is 
always sweeter Scratch a child, Cajal says in effect, and you 
find an anarchist 

Santiago eventually became the acknowledged leader of the 
gang He learned to handle the cudgel, the arrow, and the shng- 
shot with equally deadly accuracy Such talents could not be left 
unused He got for his partners the finest fruits to he stolen any- 
where round about, spanng the gardens of neither pnest nor 
mayor It was he who organized the mischief clearly called for 
when an old man, for example, or a much-mamed widow ventured 
once agam mto the whirlpool of matnmony, it was he who made 
the flutes, whistles, and cowbells demanded by the occasion He 
became, m fact, a famous flute-maker and also maker of the slmgs 
needed for stone-throwing, using the leather from the upper part 
of his boots, if need he (Tins was not a recourse popular with his 
parents, but leather was scarce ') He made the cuirasses, the hel- 
mets, and the arrows needed for organized warfare He became an 
expert arrow-maker and built up fair-weather fnendships with 
shoemakers’ apprentices for the sole purpose of gaming access to 
his raw matenals— the broken awls These arrows were occasion- 
ally used for the less romantic, utihtanan purpose of shooting 
birds and rabbits 

The cost of these enterpnses was endless whippmgs No crime 
was committed of which Santiago was not accused— either he had 
]ust done it or he was going to He would try to be good after 
chastisement at home or at the hands of the neighbors, but after 
a time the devil would rise up m him and he would be in disgrace 
agam 

It was about this time, surpnsmgly, that his artistic urges began 
to show themselves He was forever makmg sketches on scraps of 
paper, on the walls, on the margins of his schoolbooks Smce this 
caused his father unendmg annoyance, Santiago could not draw 
openly at home, so he would go off mto the country, sit on the 
bank of a stream or at the edge of a road, and sketch everythmg 
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that hove into view— farmers with their carts, horses, cats, dogs 
He later graduated to pamtmg, getting his pigments by scrapmg 
the pamt from the walls of buildings or by soaking the bngbt- 
colored booklets cigarette papers came m For brushes he used bits 
of paper rolled mto wads His artistic leanmgs intensified bis 
natural shyness and solitarmess, for he needed pnvacy to manu- 
facture the matenals for this forbidden pastime 

Don Justo had no use for art or culture of a purely ornamental 
land This side of his son enraged him Man to him was solely a 
machme made to acquire knowledge and turn it to useful ends A 
boy should be teamed young, and in tbe most direct and practical 
way, to meet the responsibilities of life Rigid economy was the 
order of the household, even beyond the point where it was 
necessary or even desirable This exaggerated thnft on Don 
Justo’s part was understandable in the light of his own early strug- 
gles, but It tended to make home too drab a place, too laclung in 
normal pleasures and m those wholesome little extravagances that 
might now and then have added savor to the mother’s hard-work- 
mg life and to the chddren’s, and would have given momentary 
respite from the stemgent disciphne imposed upon them all But 
there was to be no art, music, novel-readmg, or theater-gomg for 
the Cajals 

It was not surpnsing that a sensitive, creative boy like Santiago 
would eventually react agamst so gloomy and inflexible a back- 
ground 

Certainly without the mystenous attractiveness of forbidden fnut 
the wmgs of my imagination would have spread, but they perhaps 
would not have reached the overdevelopment that they attained Dis- 
satisfied with the world around me, I took refuge withm myself In the 
theater of my fevensh imagmation I substituted for the common he- 
mgs who work and economize ideal people with no other occupation 
than the serene contemplation of youth and beauty Translatmg my 
dreams to paper, •with my pencil as a magic wand, I constructed a world 
accordmg to my o-wn fancy, a world that contamed all those things that 
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hoiMi<: md ndrr>; Needles'; to vi\, l>cinp dr iwii from iimginition, 
these scene' did not piss l>e\ond the class of ptclcntioiis and grotcscpic 
•scravsls or lifeless manil.ins 

Sometimes Santiago nirritd from wamors to saints, preferring 
die nctn cones to the conicmplaiivcs One of the ''|>oriniis'’ of tlie 
Apostle Saint James (his patron samt) that he drew on paper and 
cmlvJhshrd with such colors as he was ahlc to concoct l)ec.ame a 
cascclehrc 1 Its father had grow n wcara of detn mg him paints and 
hmslics only to ha\ c him doing his art w ork nil o\ tr tlie neiglilaor- 
hood <0 lie de'Cidtd to settle tins thinr, once for all There was no 
one in A\erl>c who could tell him wliciher his son had talent or 
nor, hut when a cenain plasterer and decorator one day descended 
upon them from another town, Don Justo prepared for a show- 
down 

Santiago c\hilmcd his Saint James Tlie plasterer sur\c\cd it 
gloomily Tlien ‘ W h it a dauld No projioriion' Draperies all 
w rong This child v ill ne\ cr l)e an artist " 

“Doesn't he show any aptitude at all-" This from Don Justo, 
offended pnde and relief mingling in his tone 

'None, nujigo’’ llicn to Santiago, who was struck dumb by 
lilts inc,\omh!e judgment “Look at the large hands on your 
apostle Like a glo\em3fer's samples’ Look at the shortness of the 
body And the horse' Looks as if it had been taken from a nicrr)'- 
go round " 

Sanuago tried to blurt out something In later years he reahred 
iliat his sketdies would have be*en considered quite creditable 
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examples of modem pamtmg, but m those years classiasm was m 
its heyday His father’s silence told him all was lost 

At a family meeting it was decided that Santiago should hence- 
forth renoimce art and espouse medicine Efforts to confiscate his 
pencils and charcoal amounted now to persecution and he took to 
devious ways of salvagmg them Don Justo’s war on his son’s tme 
vocation went on for twelve years He won in the end The palette 
gave way to the bag of surgical mstruments, the brush to the 
scalpel 

Dunng these years Santiago went to school m Ayerhe— often 
playing tmant On such occasions he used to explore the mms of 
the castle overlooking the town or hunt for magpies’ nests m the 
forest of hve oaks Once he was bitten by rats maraudmg a mag- 
pie’s nest and eatmg the eggs 

One day, wishmg to examme an eagle’s nest at close range, he 
chmbed down a senes of ledges over a chff to where he could see 
the naked eaglets starmg at him Suddenly he heard the screams 
of the retummg mother eagle and tned to escape from his ledge 
But the narrow shelf of rock to which he had jumped down from 
above jutted out from a smooth, almost perpendicular wall He had 
to stay there for hours m the bummg sun, temfied of fallmg and 
with no hope of help At last he got the idea of widenmg the cracks 
m the soft rock of the wall with his penknife, making them large 
enough to give him a momentary foothold by which he climbed 
up to safety 

When Don Justo learned of such escapades as this one, he 
would administer a sound thrashmg and would reprove his wife 
for too much softness toward her sons Pedro got his share of 
thrashmgs too, for he was quickly leammg to follow in his brother’s 
footsteps These floggmgs were of no mconsequenUal nature— they 
were with whip or cudgels Even the threat of one once caused the 
boys to run away from home They stayed away for several days, 
hvmg m the woods imtil one night then father found them sleep- 
mg m a hmeluln He woke them up, tied them arm to arm, and 
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2 . Latin and the Dominies 


To frighten an entire class is easier than to teach one 
hoy ‘proferly for the latter is and always must he a 
task as serious as it is honorable 

—ERASMUS 


In 1 86 1, when Santiago was nearly ten years old, the first real 
contest of wills between hun and his father was battled out over 
the question of his schooling Don Justo won Santiago’s talent for 
painting was to be brushed aside He was to be shipped off to Jaca 
to study for his bachelor’s degree ^ at a college run by Esculapian ^ 
fathers, who were famous both for the excellence of their Latm 
mstruction and for their skdl m breaking the high spmts of rebel- 
hous sons Santiago had begged to be sent to Huesca or to Zaragoza 
to art school He disliked the idea of studymg medicme and had 
but htde love of Latin But his father had no use for artists— to him 
they were dilettantes, wastrels, unwdlmg to do honest work, and 
destmed to end up as poverty-stncken ne’er-do-wells He looked 
upon his son’s hkmg for art as a sort of developmental defect which 
he was boimd, as a good parent, to beat well out of him As part of 
this campaign, he fiUed Santiago’s ears with tales of artists he had 
known who had ended as failures, of "histoncal pamters with too 
much history,” of waters who never got beyond bemg smaU-town 

^ Requumg the equivalent of two years’ undergraduate work in an 
Amencan college or university The cumculuin at this tune included the 
history of Spam, Latm and Greek, algebra, and tngonometry 

2 Chtholic order founded at Rome m 1614 and devoted to the education 
of children 

[20] 




Explorer of the Human Brain 

spare the rod The fnars reassured him on this pomt and led him 
shortly to Father Jacinto, professor of elementary Latm, a giant 
with fists of steel, champion youth-breaker of the community San- 
tiago passed the entrance exammation creditably and his father, 
well pleased with his negotiations, returned to his patients in 
Ayerbe 

Uncle Juan lived with his one remammg son, Timoteo, then an 
apprentice m a chocolate factory The home was left to the min- 
istrations of a housekeeper, an all-too-economical cook who pro- 
vided them with htde meat but plenty of cabbage, turmps, and 
commeal pomdge On special occasions, bits of pork appeared m 
the commeal When hunger gnawed too sharply, there were 
apples to be had and potatoes roasted m their skms 

On this diet Santiago soon became as thm as a toothpick His 
mtellect also failed to improve and the fnars could not pound 
much Latin mto him But while his mtellect shnveled, his imag- 
mation spread its wmgs His mterest m art burst out all over agam 
and the margins of his books bloomed with landscapes, portraits of 
histoncal personages, and cancatures of his professors These were 
much admired by his classmates, and his schoolbooks, he says, 
were more passed to and fro than the rolling pm of a cookie-maker 

This attempt at educating Santiago was a melancholy fiasco 
The fnars lost the battle Even though remforcmg their precepts 
■with the strap, the dommies could not teach him anythmg He 
loathed their rote-memory methods— for thmkmg heads they sub- 
stituted stored heads In every way the school at Jaca proved to he 
another version of Dickens’ Dotheboys Hall There was no cama- 
radene, not even the semblance of fnendship, between pupils and 
faculty In the later years of the cumculum, the school did provide 
some teachers who were understandmg, but the younger boys did 
not encounter these The rough-hewmg of the beginners was done 
by the harshest masters, followmg the pnnaple (so Cajal said 
later) of grmdmg the knife first -with the coarsest whetstone 
Father Jacmto was the worst— a huge bully ■with a thunderous 
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voice Tlie forty children m his Latin course, still homesick for 
tlicir mothers, spent Uic class hour so filled with dread of him that 
It blotted out what little knowledge tlicy had managed to scrabble 
together ^^^eak mcmoncs were strengthened with tlic cat-o’-nine- 
tails Tins treatment destrojed the boys' self-respect and personal 
dignity and crushed any hope they still might have of doing better, 
since they were constantly told they were stupid, they came to be- 
lieve It and made no further effort to learn 

The beauty of the countr)stdc about Jaca gave Santiago some 
comfort Tlie city too, \\ ah as old cathedral and its towers and bat- 
tlements, had magic for him I Ic loved to stroll along the ancient 
city w all, high abo\ c the rooftops, and to \\ andcr on the river bank, 
recreating m his imagination events in Spanish histoty that had 
had this region as their setting long ago He would wonder as he 
ramhlcd about Jaca what lay beyond those silent Pyrenees, his 
wanderlust was stirred and his hunger whetted for new horizons. 
Once he tned to climb to the summit of a mountain— even got to 
the foot of the Col dc Ladroncs (Robbers’ Pass)— but had not time 
before dusk fell to finish this exploit And once he reached the first 
ramparts of Urucl, but had to abandon this too and go back home 
hungty and footsore 

The da)s dragged by at school Since by now the boy was so 
calloused by thrashings that they no longer "took,” Father Jacinto 
changed his tactics One of the "teacher’s pets” in the Latin class 
was commissioned to keep a record of Santiago’s failures and mis- 
deeds, each of which had to be paid for by a fast a day He would be 
locked up in the schoolroom when lessons were over and could 
have nothing to eat until night His criminal record eventually 
grew^ so long that he regularly ate only once in twenty-four hours 

Knowing he was foredoomed to failure, he made no attempt to 
extneate himself, and his "penance” continued to pile up unremit- 
tmgly One day he found a way to spring the lock of his pnson, 
using a pencil as a lever, and for some time after that he managed 
to steal home for a midday meal But he was at last found out and, 

[23] 



Explorer of the Human Brain 

as the iiltunate m disgrace, he was decked out as a rey de galhs, 
or king of cocks, garbed in a motley robe and crowned with a head- 
dress of feathers, hke an Indian chief Blows were added to this 
Ignominy, but, worse stiH, the lock of the schoolroom door was 
changed and escape by this route was blocked from that time 
forth 

Once the fnars forgot to free him at night and he lay on a bench, 
shivenng, hungry, and thirsty until the class assembled the next 
day He determmed to find a way out so that this would not hap- 
pen a second time, and he found one The schoolroom was on the 
first floor overlookmg the garden, so he made a sort of stairway -with 
spikes m the wall below one of its wmdows He could chmb down 
to the top of an arbor that touched the wall, and from there could 
clamber to the garden and make his getaway He took to eating at 
noon agam, bemg careful this time to be back m his pnson before 
his absence was detected But this tnck, too, was soon discovered 
Other pnsoners learned about the secret stairway, used the spikes 
with less agihty than he, and were caught m the act To save their 
own skms they told who had driven the spikes mto the waU The 
fnars summoned Santiago and threatened to expiel him from the 
school Terrified at the thought of Don Justo’s anger if they should 
carry out their threat, he "wrote a letter to his father telhng him the 
whole story and beggmg him to mtercede Though Don Justo was 
funous at his son, he did plead for him, askmg the fnars to be 
lenient m view of the debilitated state of Santiago’s health The 
affair blew over m time and Santiago completed his first year’s 
work 


SUMMER MISCHIEF 

Although he returned home for the summer holidays in very 
bad shape physically as a result of the ngors of these months at 
Jaca, It was not long before the fresh air of Ayerbe, his mother’s 
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good cxwking, and tlie fun of being wntli the old group of pranksters 
again brought back SanUago’s natural robustness and cheerful- 
ness Tlie summer mischief began directly and this year it was 
chiefly militar)' Santiago made a cannon out of a log he found at 
home by bonng a hole through its length and reinforcing this 
priming hole wath a tight-fitting tube of tin from an old oil can He 
and his colleagues were immensely proud of tins cannon and to 
try It out hoisted it up on die Cajal orchard wall Tlie target for the 
day \\ as die new gate of a neigh bonng garden Tlie gun was loaded 
carefully— first a handful of powder, dicn a fat wad of paper, then 
tacks and cobblestones In die pnming hole, now filled with 
powder, a fuse of touchwood was inserted Tins W'as lighted by a 
match attached to a piece of wire, whereupon die boys fled to a 
safe distance to await die outcome Tlie report was ear-splitting, 
but, to e\cn, one’s surprise, the cannon performed its function 
properly wnthout blowing up itself Above the broad hole it had 
made in the gate, however, the livid face of die neighbor soon 
appeared The soldiers took to their heels, vanishing in all direc- 
uons, abandoning their artillciy' Tlieir flight was aided by the thor- 
oughly battered condition of the gate, w’hich prevented the neigh- 
bor from getting it open for a w'hile, though some of the stones he 
hurled at diem as they fled did hit dieir mark 
Eients now’ took a headlong course The neighbor complained 
to the mayor, who sent a constable to put eleven-year-old San- 
tiago in jail Don Justo thought his son had this coming to him, 
hoped that it w'ould teach him sclf-disciphne, and requested that 
he be depnved of even the ordinary pnson fare while serving out 
his sentence It w’as a dreary moment when Santiago heard the 
creakmg of the bolt that shut him m his cell and die footsteps of 
his jailer going farther and farther away Soon he heard a clamor 
outside his wandow— a swarm of women and children had come 
to jeer at him through the grating Enraged at this, he threatened 
them with a stone he had found m his pnson and they went 
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away, leaving Inm sullen with resentment At last he roused 
from this to mspect his cell Its sole “furniture” was a pallet of 
moldy straw crawlmg ivith fleas, spiders, bedbugs, and lice He 
went as far away from it as he could, stretched out on a relatively 
clean bit of flagstone on the floor, and slept most of tbe three or 
four days he bad to stay there His mother managed to get food 
to bun by stealth, for Don Justo would not rescmd his order that 
the boy be kept on bread and water 

This severe punishment did not reform him He and his 
fnends made another cannon (this one did blow up) and tned 
other expenments m balhstics, as, for example, loading a bronze 
pipe with powder to the mouth and settmg it off The pipe blew 
up m Santiago’s face and might have cost hun his sight, but it 
merely caused an inflammation m one eye, and left a permanent 
scar on the ms 


ATSCHOOLINHUESOA 

By the time the summer was over, Don Justo had given up all 
hope that the Esculapians would ever make a scholar of Santiago 
So he transferred him to a different t)Ye of school, this one 
located m the town of Huesca He set him up m a quiet board- 
mghouse m the Arco del Obispo (Bishop’s Arch) near the old 
cathedral Santiago was enchanted with Huesca It was beautiful 
and It was steeped m history and legend He spent his first pocket 
money for drawmg matenals to make sketches of it 

A fnend from Ayerbe was commissioned by his father to see 
him through Virgil’s Aeitetd, Don Justo bemg determmed that, 
by some means or other, his son should get some “culture ” He 
had learned with bitterness that m the Spam of his day the physi- 
cian was esteemed far more for his social graces and his back- 
ground m the humanities than for his skiU m surgery or his 
knowledge of medicme And, hke most self-made men, Don Justo 
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wanted his son to have the advantages he himself had never 
hnown 

Tlie Latin teacher in the new school was the antithesis of 
Father Jacinto— a befuddled but kindly old man whom his pupils 
loved and tormented The geography teacher was young and 
energetic, demanding stnct attention yet able to keep his students 
fasanated by what he taught For the first time, Santiago’s skill 
in drawing won recognition, die fine maps he made were the 
em^ of all his classmates 

Here at Hucsca Santiago w'ns destined to repeat the expenence 
he had undergone when his family moved to Ayerbe Again he 
was the despised "new boy” among a throng of bullying school- 
fellows From the moment he put in an appearance in the court- 
yard of the Institute, he was embroiled in quarrels and fist fights, 
from which he usually emerged in pitiable condition Chief 
among his tormentors was one Azc6n, a braggart from AlcaU de 
Gdllego, an eighteen-year-old yokel fresh from the plow Azc6n 
decided Santiago was a natural for his sallies and he straightway 
dubbed him "Dago” and "Goat-flesh” (the latter because he was 
from Ayerbe and that was die current term of dension for people 
from there) 

The "Dago” requires a bit of explaining Santiago’s mother had 
long since learned, as Don Justo’s wife, to be frugal to the limit 
Since her son was to go off to school for the winter term, she had 
made him a warm overcoat, cut dowm from an old one of his 
father’s But at this stage Santiago was shooting up like a bean- 
stalk, so she made it \wth an eye to the future, and its long skirts 
flapped m the bnsk wnd as he walked, makmg him look like an 
Italian organ gnnder whose monkey had played truant for the 
day 

"Look at the Dago'” Azc6n would shout after him "Where’s 
the organ and the monkey?” 

The same thing happened every day Santiago would sprmg at 
Azc6n and get the drubbmg of his hfe When the fight was over, 
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he would pick himself up as best he could, collect his boolvs, 
which had been scattered m all directions, and hmp meekly 
home The nickname stuck to him He was greeted with it when- 
ever he put his nose out of doors And this went on for two or 
three months, all because of a few extra mches of coattail' 

Santiago then took the whole matter under advisement “If I 
can beat Azc6n,” he thought, “the others will become my allies ” 
So he started, secretly, upon a course to develop his physical 
strength and fighting skill so that eventually it might be possible 
for him, younger and weaker though he was, to knock out the 
school champion He spent hours m the woods near by, chmbmg 
trees, hurlmg heavy stones, jumpmg over ditches Months of this 
worked the longed-for miracle He had already learned half-con- 
sciously the maxim that was to guide his hfework “If you wish 
to succeed m difficult undertalungs, put your whole will mto 
your purpose, prepanng yourself with more time and effort than 
are actually called for ” 

By the time he returned for his second year at Huesca, he had 
become so adept with the slmgshot and the cudgel that Azc6n 
capitulated and made his peace upon Santiago’s annoimcement 
that, if he did not, he would drive a stone into his thick skull He 
was “Dago” no more 

In all his gymnastic exploits of this penod, which he calls his 
"muscular epoch,” Sanbago did not forget his love of art As a re- 
sult of his solitary exercises directed toward the laymg low of 
Azc6n, he came to see more clearly than before the beauty of the 
vegetable and animal worlds and preferred to depict it, rather 
than the beauty of the human world which had so mtngued him 
earlier He now pamted rocks, trees, wild flowers, butterflies, 
brooks churning their way through stones, rushes, and water 
lilies He was not pleased \vith his sketches He would try to 
approximate Nature's vanety of hue and nuance with a kind of 
desperate eagerness— but it always eluded him His efforts to re- 
produce colors exactly as they were m Nature led him to sharpen 
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his ohsen'ation, and to paint and draw only from life, distrusting 
memor)’’, which so often tends to oversimplification of Ime and 
tone 

He even made a kind of color dictionar)', starting witli the pure 
colors, tlien grading off systematically into tlic vanous tints repre- 
senting different degrees of saturation, each accompanied hy a 
number and a picture of tlic object best e\emphfj»ing it Tins 
worked well for rocks and insects, and e\'cn for wild flowers, hut 
cultivated flowers— that was something else How could he get 
"models” to study from? Cultivated flowers had jealous owners 
who had little sjanpatliy for "poachers ” The resolution of this 
dilemma led to some sony' consequences 

For instance, there was the expedition in search of roses San- 
tiago had come to die "rose chapter” of his color dictionary' and had 
to have a specimen of a vanety' knowm in Huesca as die "rose of 
Alexandria ” Fine ones grew in the garden of the railroad station 
So one day when die guard was off somewhere, Santiago jumped 
over the fence and plucked some But when he was already back 
outside the fence, the guard saw him and started to chase him, 
musket in hand Santiago ran faster and was almost safe when, 
leaping over a brook, he slipped and sank up to his middle in the 
slime of die opposite bank He couldn’t get out Squirm as he 
might, he only sank in deeper Finally, some washenvomen work- 
mg in the stream near by saw him and pulled him out, with loud 
guffaws He wanted to go off to undress and clean up his clothes, 
but the washenvomen took over, while he crouched in his shut 
imder a willow tree In the meantime the guard caught up with 
him, but unable to lay hold of him without sodmg his clean uni- 
form, he decided to treat the whole thing as a joke— Santiago’s 
armor of foul-smellmg shme had made him inviolable 

Such an adventure for the prize of a few flowers seemed lunacy 
to his more practical-mmded schoolmates and Santiago became 
known all over Huesca as the "crazy Navarran ” 
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VACATION DAYS AGAIN 

At last the summer of 1 864 came and with it vacation and the 
return to Ayerbe But Santiago’s carefree days were numbered 
Don Justo announced to him that his cavortmgs with his old play- 
mates must stop Likewise his arty foolishness The summer was 
to be given over to study m order to make next year s schoolwork a 
bit easier This was a dash of cold water on Santiago’s bubbhng ]oy 
m freedom, but he setded dovm to it for a while Then, unable to 
hear it, he resorted to artifice He needed sohtude for his work, he 
said, and the old pigeon house would be a fine place to study m 
All nght, said Don Justo, use the old pigeon house This was a 
room adjommg the bam, which had a wmdow openmg upon the 
roof of the next house From the wmdow Santiago could keep 
watch on those of his household who were keepmg an eye on him 
He made a niche out of sticks and bmshwood behmd the chimney 
of his neighbor’s house, making sure it could not be seen from his 
own He put a seat m his eyne and hid his art matenals imder it 
A few novels were hidden there too Whenever he heard footsteps, 
he would return to the pigeon house and bury his nose in the Latm 
text of Comehus Nepos or delve into his algebra When all was 
clear, he would go back to his brushwood cage agam, to read or 
sketch or pamt His art subjects that summer were chiefly lugubri- 
ous, for this was his penod of adolescent melancholy In this mood 
he painted cemetenes, bleak ivmter scenes, the agony of ship- 
WTecked sailors 

Santiago at this stage was beginnmg to develop a taste for litera- 
ture The hbrary of the Cajal household contamed a few novels, 
but these were wothheld from the children, being regarded by Don 
Justo as guides straight to the everlasting bonfire Unknown to her 
husband, howe\'er. Dona Antonia did allow her children to read 
some novels she had, dating back to the days before she was mar- 

[30] 



Latin and the Doimmes 


ned, books that she had kept hidden at the bottom of an old trunk 
There were a few novels of Balzac, among other things, and the 
young Cajals devoured tliem furtively 

Santiago loved the poems of Espronceda,® and he had bought 
a collection of ballads and stones of knight errantry, sold by the 
blind and by dealers in religious pnnts These were all he had until 
one day he happened to glimpse from his hideout, through the 
garret window of his neighbor’s house, a whole library of books 
mixed up witli old pieces of furniture and frames covered wth 
dned fruits Tire neighbor, a confectioner, Senor Cuideras, was a 
man of taste in other dungs besides sweets, it appeared 

How could he get at this hoard without arousing die owner’s 
suspicions and leaving telltale signs? He decided diat for one dung 
It would be prudent, when Glclung die books (as he was already 
planning to do), not to touch any of the candied pears and plums 
diat so enhanced die attractiveness of diis extraordmar)" garret 
Not right away anyhow He would creep m in the early 
morning when the family iras asleep, take the books out one at a 
time, putting each back in its place on the shelf before taking an- 
other The plan worked perfeedy All summer Santiago lived m 
an enchanted world widi Dumas fare, Eugene Sue, Chateau- 
bnand, Lamartine, Victor Hugo, Le Sage, Manana,^ Quevedo,® 

^ Jos6 dc Espronceda Ci 8 19-42) Most distincuishcd Spanish lync poet 
of his century, a kind of Spanish Byron, chief of the Spanish romantic 
school Journalist and rc\ oluuonist who shared in the Liheral tnumph of 
1840 

^ Juan dc Manana (1537-1624) Greatest of all Spanish histonans, a 
contemporary of Cert^ntes The main work of his life was his Htstona de 
Espaiia, \vnttcn to let Europe know what Spam had accomphshed This 
work has been called the most remarkable union of picturesque chronicling 
and sober history' that the world has ever seen 

° Franasco G6mcz de Quevedo y ViUcgasC 1 580-1 645) Prose wnter and 
poet Clever satinst and epigrammatist, dramatist and picaresque novelist 
He was the most gifted Spaniard of his time and a strong and honest man 
in a corrupt age In witty observation and ndicule of whole sections of 
society he almost vies with Cervantes though his work is marred by affecta- 
tion and cymasm 
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and, most important of all, Defoe’s Rohmson Crusoe and Cer- 
vantes’ Don Quixote 

Santiago thus entered the world of hterature chiefly by way of 
the French and Spanish romanticists, who were much in vogue 
at the time of his maraudmgs m the confectioner’s attic He was 
enthralled m those days by the elder Dumas and Victor Hugo, 
whose stones he later blushed to admit he rated higher than 
Goethe’s Faust, and by Le Sage, whom he placed (to his later 
discomfort) above Cervantes 

He was disillusioned by Don Quixote Wholehearted romantic 
that he was at this age, Cervantes’ ironic realism gave him some- 
thmg of a ]olt He could not hear to see the hero of La Mancha 
vanquished No doubt, he argued, the vulgar champions of com- 
mon sense do wm out m everyday life, hut to have them wm out 
m a work of art is mtolerahle The protagonist of valor and virtue 
should tnumph over the crass and the mean For he took Don 
Quixote hterally, not knowmg that Cervantes’ aim was to satirize 
the extravagances of the popular novels of chivalry and to fovmd 
a novel on the firm ground of reality, on the truth of hfe itself 
Only later, when the ebulhence of his adolescence had passed, did 
he come to see the Spamsh masterpiece m proper perspective 

It was m his maturer years, too, that he learned to prize Rohmson 
Crusoe at its just worth It is significant of the character of this 
man— who, hke Crusoe, was to follow untraveled paths— that his 
reaction to Defoe’s great book should be this “What a supreme 
tnumph It must be to explore virgin temtory, to gaze upon scenes 
untouched by the hand of man, adorned with their ongmal flora 
and faima, which seem created expressly for this discoverer, as a 
reward for his outstandmg heroism ’’ 


THE SECOND YEAR AT HHESCA 


In 1866, the third year of Santiago’s schoohng m preparation for 
the bachelor’s degree, his brother Pedro went with him to the In- 
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siitutc of I lucjci to enter upon Iti'; work there Pedro now offered 
a <:tnking contn^ii to In'; hroilicr— he was industrious, studious, 
scnipulous suhniissn c, nrels Mra)ing from the patli of duty Fear- 
ing tint Santiago’s wildness might lie citclimg, Don Justo sepa- 
nted tlie two l>o\s, csnhlishing them in different hoardinghouses 
—Pedro in a quiet suinhle one, Santiago in tlie home of a barber, 
Senor Acisclo. to w horn his f itlier had apprenticed him The latter 
mo\ c w as not only disciphnan in purpose— to curtail the hoy’s free 
hours so that he would have less time for mischief, it would also 
gi\ c him an opj>ortuniiv to Icani a useful trade For Don Justo had 
In now gi\cn up his amhitions for his elder son and was ready to 
resign himself to training Santiago for any occupation his inahihiy 
left open to him 

Dus apprenticeship, much as Santiago hated it, was not an un- 
mi\ed c\i! 1 Ic cinic to know the common people and he grew 
more humhlc, more modest, and more understanding But at the 
moment his pnde rose up against it Hus punishment for his 
peccadillos was too shameful, cspcciallv for one steeped in the 
grandiose a isions of the romanticists, as he had become of late But 
there was nothing to do hut aield to the humiliation of wadding a 
soapv shaving hnish while longing for the more elegant paint- 
bmsh of a disciple of VckiTqucz 

Tlie master harher, bad tempered though he was at times, was 
at bottom a kindlj man, and lie held out tlie consolation that if the 
bo) would sw allow his pnde and put his mind on lathering beards, 
he might become in time a full fledged barber wath a salarj'of three 
dollars a month, with tips besides The barber’s assistant, a rosy- 
dicekcd Don Juan, wooer of housemaids and seamstresses, took 
Santiago o\cr as his confidant, persuading him to wTitc for him 
fulsome lo\c notes and poems to the current sweetheart As com- 
pensation for this, he was cas)' on him when the master w'as away, 
and even tned— wath dismal failure- to teach him to play the guitar 

Tlie days m the barbershop introduced Santiago for the first time 
to republican political views Master barber and customers regaled 
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one another with the latest news of the sporadic revolts against 
the regime of Isabel II Some of the once-lauded generals— for ex- 
ample, Pnm, who had won glory for himself m the Moroccan 
war, and Momones and Pierrad— were now mcitmg tmud msur- 
rections Without fully understanding the issues mvolved, San- 
tiago, the mdividualist, hater of all authonty, was from the first 
mstmctively on the side of democracy and of the people, he would 
have liked nothmg better than to defend a bamcade m a revolu- 
tionary encounter He won over his master completely by drawmg 
pictures of the busts of the two generals (he was mtngued besides 
by Pierrad s classic profile) and pennmg some doggerel verses to 
Liberty His leisure mcreased as his master’s favor grew 

One day he and Pedro found a five-doUar gold piece m a rub- 
bish pde near the Hermitage of the Martyrs With it they bought 
a pistol they had long been gapmg at m the wmdow of a gun- 
smith’s shop The purpose of this was twofold to get a thnU out of 
posmg as revolutionists and also to hunt partndges and rabbits m 
the Cajal family tradition But, unhke them father, they were poor 
himters from first to last Bad himters though they were, Pedro and 
Santiago were enormously adept m the use of the slmgshot, which 
proved especially useful m the batdes of the schoolboy gangs In 
fact, Santiago’s reputation as a stone shnger became so widespread 
that children hid from him on their way home from school One 
such child was a slender httle gul wnth honey-colored braids, blue 
eyes, and coral bps— a typical Marguente Her uncle had warned 
her agamst that mcomgible rascal, the doctor’s son from Ayerbe 
So she fled m terror to her house on the Calle del Hospital when- 
ever she saw him approachmg No one would then have beheved 
that this tmud httle girl would one day become his wife 

APPRENTICED TO A COBBLER 

The school year of 1866 came to an end at last Because of his 
constant skirmishes with his professor of Greek, Santiago was sure 
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he would fail m his examination and so he did not even present 
himself at it His father trembled with exasperation when he heard 
of this and resolved to beat this recalcitrant son mto shape if it 
was the last thmg he did He brooded upon what occupation would 
prove most hateful to him and determined to give him a big dose 
of It He finally setded on cobblmg By the end of June he had 
apprenticed Santiago to a shoemaker, an uncouth man who put 
him through several vaneties of torture Santiago had to sleep m 
a garret full of mice, he had wretched food to eat, and was stncdy 
deprived of pen, pencil, or paper Never before had his hfe been 
so drab and never was his imagination more alive than on those 
nights when he peopled his dirty attic ■with gorgeous fantasies His 
mother was fearful for his health and sometunes found a way to 
shp him pastry and temptmg bits of meat He finally got a pencil, 
bought -with a tip given him by a countess of fourteen who came to 
the shop one day to have a shoe repaired 

Later he became the apprentice of another shoemaker, Senor 
Pednn, a more cheerful man than his old master but equally harsh 
■with his assistants Santiago’s skill as a cobbler soon became so 
ividely knoivn that another shoemaker, Fenollo, the best m town, 
engaged him Smce he was now makmg boots for the nchest peo- 
ple of the community, especially the young ladies— boots with 
ornamented toecaps, open work, and damty curved heels— Santiago 
had at last foimd somethmg on which to unleash his stifled artistic 
urges 

He was stiU workmg for Fenollo m 1867 when another of the 
insurrections agamst Isabel II broke out The cause of hberahsm 
was gaming strength among the masses, its growth spurred by their 
hatred of the Conservatives for the recent shootmg of Liberal 
leaders A skirmish took place at Lunds de Marcuello, a village not 
far from Ayerbe Before this encounter, the people of Ayerbe had 
been rejoicmg m the triumphs of the rebel generals, who were 
once again mcitmg revolution agamst the queen and her current 
favontes A few hours before the battle, an mfantry division of 
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loyalist troops, led by General Manso de Zuniga, paraded m the 
Plaza Baja de Ayerbe, resplendent with burnished cuirasses, their 
swords flashing in the morning sun The squadron marched di- 
rectly to Limds and soon there was a distant sound of shootmg 
The town of Ayerbe was in a ferment of anxiety 

Some of the boys of the town, includmg Santiago, burned to a 
hill overlookmg Lunds to see the fightmg It had ended by the 
time they got there The queen’s soldiers, who, only a short tune 
before, had been so impressive m their hlazmg armor, were now 
marchmg silendy General Manso de Zuniga rode m the midst of 
his disordered ranks, he was dymg, or already dead, as he sat up- 
right on his horse, his body supported by one of his officers The 
column was closed by the wounded men, groanmg as the pack 
horses carrymg them stumbled over the rough road This was a 
picture of war that Santiago was never to forget. The battle had 
been a victory for the rebels They had routed the queen’s troops 
m this encounter, as they were often to do imtd the end of her 
reign Don Justo was kept busy tending both the wounded loyalist 
soldiers brought back openly to Ayerbe and the insurgents hidmg 
m the villages and mountams near by 

It was when lookmg at the corpses strewn about the battlefield 
of Lunds that Santiago first felt the full reality of death "How 
supremely tragic,” he wrote long afterward, "is this abandonment 
of the spmt and this unresisting surrender of our organs to the 
dismtegrating effects of cosimc forces And with what distressmg 
mdifiference Nature casts away, like vde dross, the masterpiece of 
her creation, the bram of man, m which the universe mirrors 
Itself ” 


BACK AT SCHOOL AGAIN 

Santiago had been a shoemaker’s apprentice for a year when his 
father decided he had been punished enough and might now 
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return to school Don Justo even capitulated to the extent of allow- 
ing him to enroll for a course in drawmg Santiago enjoyed this to 
the full and was tireless in his art work His professor said he was 
the most bnlhant pupil he had ever had and even took the trouble 
to go to see Don Justo to urge him to allow his son to devote his 
life to art But Don Justo was not to be persuaded 

Santiago was getting along well in rhetonc and poetics too He 
cared less for logic and psj'chology as they were then taught— with 
a strong flavor of medieval scholasticism Yet, at times, he was 
almost earned aw'ay by die eloquence of his professor of philoso- 
phy, Don Ventura, disciple of Anstotle and of Saint Thomas 
Aquinas, who daily denounced die teachings of the rationalists— 
Locke, Condillac, Rousseau, and Voltaire But m his more wary 
moments Santiago was on the side of rationalism, with an instinc- 
tive distaste for all dogmatism 

Don Ventura was to be the cause of Santiago’s next fall from 
grace One day while walking near the Plaza de San Domingo, 
the boy saw a freshly plastered wall This was irresistible Soon it 
was covered wnth cancatures of his professors— life size His mas- 
terpiece was Don Ventura, with his blind eye, his flat nose, and 
his clean-shaven pnest’s cheeks Some schoolmates happened 
along at just that moment Tliey roared with laughter and began 
throuong stones at the pictures, with jibes and jeers for the teach- 
ers they portrayed 

They were busily engaged m this when along came Don Ven- 
tura Santiago fled But Don Ventura probed imtil he found out 
who had made the dra\vmgs The next day he showered Santiago 
with a torrent of abuse, finally throwmg him out of his classroom 
From then on, the boy led a dog’s hfe m Don Ventura’s course, 
though he did all he could to show his repentance for his thought- 
less cruelty, which he too condemned But m the end Don Ven- 
tura refused to let him take the final exammation m his course, 
tummg him over to his colleagues for exammmg, after givmg them 
a full account of what he thought of young Cajal His confidence 
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utterly shaken, Santiago did the best he could, hut he failed 
completely 

He could not face his father So with a few companions in 
similar straits he tned to run away to Zaragoza The hoys got as far 
as Vicidn when night fell and one of them suggested that they go 
to visit an uncle he had there This uncle gave them a good supper 
and a place to sleep The next day their plan for flight had melted 
away and they all went home, mcludmg Santiago, sick at the 
thought of Don Justo’s anger and his hitter disappomtment 


THE SEPTEMBEE REVOLUTION 

The bleak summer passed somehow for Santiago and at its end 
came the September revolution of 1 868 Although reactionary pol- 
itics had so long been m the saddle, the prmciple of constitutional 
government had been established m Spam and had not been en- 
tirely forgotten Once championed by a mere handful of intellec- 
tuals, the cause of hberahsm was now espoused by a large propor- 
tion of the civd population Throughout the later years of Isabel s 
reign the Liberal msurrections had become constandy more fre- 
quent and more menacmg The attacks were directed chiefly 
against the queen herself, whose capnciousness and irresponsibil- 
ity vitiated any hope of permanent peace or of national stabihty 
Radical newspapers, which the Government was unable to sup- 
press, exposed her immorality Her former adherent, General 
Prim, converted wholly to the Liberal cause, had led an unsuccess- 
ful revolt agamst her in 1866, and, though he failed, her position 
had been weakened by it The final blow to her supremacy came 
with the death of her two stalwarts— General 0 'D 6 nneU in 1867 
and General Narvdez m 1868 Her doom now came upon her 
swifdy with this new upnsmg, led by her former lover Serrano 
On September 17, 1868, the queen and her children had gone 
to the seaside town of San Sebastian Already there had been deep 
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niniMinc^ of muiiniC''; nnci yrov.Uha^tvuciUo'i On the iwcntv- 
Kil>c1 hctnl tint htr tltfcnilers liacl hetn ilcfoniccl in a 
nt Alcoh '1 ami lint there wk notinr in Mailrul On the 
fol)ov\int^ iln <-lie flctl with lur fainiK fnini tlie countr) she had 
misniK'd for almost ihuta \oi< As'ctptim^ the hnspitihtv offered 
h\ her foniHr lid\ m w iitinr, now’ Lnipriss Lnr,inie of rrance, 
Kilxl and lur childun tvvd refni,i in the ro\al chateau at Pan 
Pack in Spam the I ilx-tils were exulting l*iie little town of 
Astilx had ahs i\s Ixvn atdciuK Liheral, and its 6co inhahitants 
to 1 man rejo,cxd in the •■ucxu ss of the rcaolt against the forces of 
conseia ati'-m and i\nnn\, loudlv chexnng the leaders, Serrano, 
Tojxtt ^ and Pnm 

y\s the u)(.<:r!p)i Immehi news of the \icior\ of Alcolea, peas- 
ants se, inntd in'o the town aniud with old guns, ewords, pon- 
iards, and ea t n sjcl Is s \ \ ohinteX-r garristm of these rough patri- 
ots was estihhshe'd in the palaa- of the Manpiis of Aaerhe, over 
which a :sd fiig now flousd 1 he jxiitruts of Isahel were tom 
down from the public Innldings and humtd in the town squares 
In the general revohmonan. 7eal, the Ixautiful hells of Ajerbe 
Were sent off to the national mint to l>e melted dovm to mahe 
monew ‘soon as m a late r dav m the nciional tow n of Adano, other 
Ixllslnd toK Iwuiiht. fvir the jaeople could not live without them 
Two veils later, on June 25, 1S70, Kalxl would formall) abdi- 
cate from the tojijilmg throne she had de'serted She was then forty 
and her son Mfonso, Prince of Asturias, was just thirteen 

® In f^ptcinWr, lEf'S, ilic stjnadron nt Gulir under the command of 
Adminl 1 opctc hnd muiinied ind its action had been a sigml for a general 
revolution 



3, The M.arve1oug WorUmans hip of Life 


Is ft the mtnd that controls the hevnldered hody and 
points out the way to physical hahits uncertain of 
their affinities? Or is it not much rather an automatic 
inward machinery that executes the marvelous work, 
while the mind catches here and there some glimpse 
of the operation, now with delight and adhesion, 
now With impotent rehellion? * 

—GEORGE SANTAYANA 


JLN the fall of 1868, Santiago, back at school again, suddenly 
began to take education senously Perhaps it was because he was 
now studying subjects for which he had a natural inclination and 
an instinctive respect— chemistry, physics, and natural history 
Chemical expenments seemed to him a sort of magic, and physics 
the science of miracles He was overwhelmed with regret that he 
had not mastered mathematics as he should have done m earher 
years, and he began to review it now He found (as he was to say 
later) that “the whole universe, both m the realm of the mfinitely 
great and m that of the infinitely small, is constructed in accord- 
ance with the formulas of a sage geometry and an admirable sys- 
tem of dynamics ” 

Delighted by his son’s reformation, Don Justo began to take 
hope that he would be able to make a modem Galen out of him 

* The quotabon above, from Reason in Common Sense Cpage 212^, is 
used TOth the land permission of Charles Scnbner’s Sons, New York, and 
Constable and Company, Ltd , London 
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The Man rJo}i<: Workiunmhtp of Life 

nfjcr nil Before nnv rclnp<c<; on Sin!inp.o'>; pnrl could dnsh these 
drcini<: to Int'^. hr rniollrd Inm jn the prcMucdicd curriculum nl 
Znnrorn A*: n further 'iftmnrvl. Don Iu‘;io ui'^tnllrd him ns n 
hind of nticndini to i \\rll Inoun surj^ton, Don Minnno Bndo, 
1 friend ind fonner ch'^'.m ue of lus Sintincn Kicmly relished nil 
this But di'Oppmntmrni h\ m w.iit on his nrrnnl nt Znmpnr^n 
Tv,o\cni^ hthmd his cnmpnnions of llut sen di\s. nil of whom 
hid formed new fiundshipsnt ilu unntisit\, he found they had 
no mtetest m him and he w“is left fni'mlltss nnd alone lliis was 
too sr-vcie a puni'hmcnt for his vchnla>tic hachvardness lie 
loolcd for srdur no.> a<- he was to do in all the c\il moments of 
iai<r\(ars intlielH-wu\ and the infiniit \anei\ of Nature Now' 
It was the rntn'^lndtd walls alonr ihi l,hro that tjne him n 
meawirr of comfort Tlie Thro a\ is tin first hrr;e ri\ er he had ever 
seen 111 oiposiix alviut it fulK snrrcd lit tntd to find its source, 
irudrmo upstn-am and tiown aynn m his scint hours of leisure 
T v’.ttof his profc'soiN it /.anyo/i were to stand out in his later 
recoil ctioiis Hie fipt was Don rioitncio Ballarln, teacher of 
natural histon, . imnialrt uK in his sitmties Because ht was an 
nctut Ldx nl, Ik had lu'f n jx t'^ecutttl In rerdmand VI 1 (Isahel’s 
Dthcr) and luncifonh had noihinp hut contempt for the whole 
hrted of Bnurhons Don Horsncio v is the first teacher in Santi- 
’’t;o's c vpcrienct who t 'pu ss^d the, com iction— and earned it out 
in pncnce— that scitniifictt ichmQ should hcohicctne, hulwarlcd 
at c\tr\’ turn In careful c'perimtnt To this end, he conducted 
his own classes chicflN m the Ixiianical pardon and the museum of 
Zanpo 7 ,a nther thin in a formal lecture hall He was a man of 
violent ttmper. often imtitcd hevond endurance hy the restless- 
ness of his a ounpneoplnics To Keep them interested in the work 
at hand, he instituted n novel teaching device lie would assign 
the defense of n moot issue to one student, to whom the others 
would propound all tlic ohjcctions ihcy could think of One day a 
hnlliant Ixiy, Scmac (Inter to Ixrcomc an army surgeon and one of 
Cajal's friends), gave n defense of the view', popular at the time, 
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that the hlood in the veins of man was toxic to his organism be- 
cause of the carbon dioxide it had accumulated, which had to be 
dnven out of the body by way of the lungs 

Santiago, brought up on the same textbook as Semac, Bedard’s ^ 
Physiology, asked nervously whether it was not the lack of oxygen 
m the vems rather than the presence of carbon dioxide (a harmless 
gas) that was noxious to the body— the oxygen havmg been burned 
up m the capiUanes m the course of the respuadon of the dssues 
This was an ongmal idea for a student of the time, but he ex- 
pressed it so clumsily that Don Florencio silenced him at once, 
calhng him, m effect, a rustic clown still wet behmd the ears 
But m spite of his moments of mjustice, the boys revered Don 
Florencio as a true scientist Another thmg added to his popular- 
ity Understandably absent-imnded m his seventh decade, he 
would sometimes come to class, utter a blurred "Se-no-res”— and 
at once it would be evident to him and to the boys alike that he 
had forgotten his teeth' Whereupon a holiday was declared, to 
everyone's satisfaction Whether this forgetfulness was always 
accidental, no one dared say 

Completely different was Santiago’s professor of chemistry, Don 
Bruno Solano Cajal describes him m his Reauerdos de mt vtda 

Eloquent, fiery, affable, not incapable of seventy when occasion de- 
manded It, he made his class a temple where we heard, enraptured, the 
story of the loves and antipathies of the different substances the ad- 
ventures of ox}'gen, a land of Don Juan, a passionate and irresistible 
conqueror of the virginity of elements, the revenge of hydrogen, a 
jealous lover responsible for much widowhood among the molecules, 
and the mtngues of heat and electnaty, anaent duennas capable of 
upsetting and divorcing even the closest and most stable molecular 
matrimonial bonds Apart from these poetic extravagances, which he 
did not overdo, Solano was a fine teacher 

What pleasant, even angelic speech he had! What supreme skdl m 
malang understandable and fascmating, by bnlliant compansons, the 

^ Pierre Augustin B6clard C 1785-1 825) French anatomist 
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7 }n' Murxdn uU OTkivnuslupof I ifc 

lb Tni‘-c ivimiv ox jIk run; <Minplo\ nk is' In tins kc. riscniblecl 
ihr trcit l.in Ijsh jin uiM l\n<lill the ru it rtlic};in\/ iiul lint 
ni'sjc: j-c'i nlitrrr 1 1 urnu 1 iki< 

1 O'jifr'v tin! V I'rn 1 vnii /-It ’j n i t>m of tin tlnnps winch suklcn 
mr nn 1 f- ih( ill nnr nn j irnn:nt< K lo t tnlk* !);nt |Sol inn dictl 
\n!!5 !:r: i nti in! fijnr nn ij } lit <1 ulc chits in the C ifc ,Sin/o, 

wherin fnrin' md 'diniirn n r' to; i ihrr wiu i spnilinl Icist 1 hs 
nlijjiv w IS - MCi! he tie ( tl !n h uc It \\ h it Ins since mine 
!ol>r rilled nnnr’tii cMrn II n w“ om of the nnin ilnnps he imii 
Hfd Hr tkd III >’ 1 rCji hi < inn r c>nl\ for tlu |Mi\ ik f nl few who were 
cn nllrd in ho tint r Int'jir ditwidrli .iinoinjtlu h\ jnihhi, creit- 
inp h nd' <'^ nitc’r t ml MOtn il ij']>ia i iiion K imt n the junfessor's 
eh ■■ir ndthrv i 1 In] the* h n!«M\. ind llu ficmn Tor he ihnnchl 
th , mnicr hmld hr h.il rd nji v. jih lift m inspnr it iiul to jpnde it 
77Hr>(]n”iir rn 1 ihi r < f ilir uli t oid llu llnnl ( r, Inih of whieh 
he \ •’< cn 1 led hm to • re llu •. niuknt t ^ the coinnunu ‘1 ihinps 
So! “no ji O' ed in ddn i *i i nni’infurnt litet.m j'lfl lie wisa 
him w ji'e. hilt lU'h he )i d fit ' or v j lu d to rite ^ 1 1 his hnllnnl 
cxprc' i\c p' r *- 1 ir\r !ri! h. the nn lunlilK intl juijnilir article' 
he puhh hni In :u 'r ft •' the <1 iiK jnjv i iinl hr t\lt inidiinn' in* 
aumn) fli ct ir m) tlir dure tu n of niodt in rlu iiir in 

77ns dt 'ctiptmn t-f in outst indiiV] Spmr h • chohr n of interest 
not (ink Ixr-'ii'e it is Cdij ilV trihiite to one of the* (cichers who 
inflncnccd him most. Inn iho Ixe'iuse much of the clnr icieri7-n- 
tion m it V is !<» 'ijijdv ttjinlk we*!l to Ciiil himself ns his genius 
unfofcle'c] ilirotiojKnii hr smith inti nntunts 


^0S1TIAT^ J’s DISSrCTlON 

\Vrirx Saxtiaco sms sesentex’n \eirs old and soon to be fulls* 
registered in the medicnl course’ his f uher secured an appointment 
to sene in /.nnpoza ns a jdissicnn jvi’sl h\ the Gosemmont to 

= J(r^^chc-^n\ V D7-it;uirrc CtS;a->oiC'^ Sp m eh drama ns: wnnrrr 
of tlic rSiohel Prize for Litermire m iQ^-t 
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work m the clinics for the poor He also became professor of dis- 
section in the Faculty of Medicme So the family shortly after- 
ward moved to the university town This appomtment was a boon 
which Don Justo accepted with satisfaction, feeling it to be the 
reward due him after his years of toil as a country doctor At once 
he was filled with zeal to make a skillful dissector of his son And 
this time Santiago had abilities and interests that matched his 
father s wishes Besides, even if he hadn't had, who was there who 
could shirk imder such a taskmaster'? Don Justo, finally, proved lo 
be a natural-bom anatoimst He and Santiago spent hours m the 
dissectmg room hidden away in the garden of the old Hospital of 
Santa Engracia, takmg apart muscles, glands, nerves, and blood 
vessels, to check what the anatomy books had to say about them 
As Santiago would vmte later “Before the rmposmg anatomi- 
cal slab covermg the dissecting table both bram and stomach pro- 
tested at first But soon they became accustomed to it Henceforth 
I saw m the dead body, not death with its host of melancholy 
thoughts, but the marvelous workmanship of life ” His interest in 
anatomy and the development of his remarkable skill m dissection 
dated from this penod of his youth 

Father and son were alike m this as the difficulties mcreased, 
so too did their determination to get to the root of the teasing 
problems that had perplexed the masters m the field They worked 
with the textbooks of such great ones as Cmveilhier ® and Sappey * 
spread out on the tables beside them They worked tirelessly— Don 
Justo was mdefatigable himself and did not tolerate fatigue m 
others— durmg what hours the father could spare from his patients 
and his teachmg and the son from his other studies They were 
now united on another pomt, too Santiago’s pencd, which had 
been the source of so much gnef between them, now became a 
valued item of their eqmpment It sketched with exactness and 

8 Jean CruveiUuer (1791-1874) French pathologist He held the first 
chair of pathology in the Faculty of Medicine of the University of Pans 

* Mane Phihbert Constant Sappey (1810-96) French anatomist 
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nriiMn the intricitc >;tnici\trcs thoir re H'lrchc; revelled I hs port- 
folio gicv\ fit as)u'nddrddn\\mi;nfierdn\\inq 1 Icmadcn huge 
colic ction of onniomicil water colors, of which Don Ju'ito was in- 
ordimtcK pnnul, they even plinnid to publish an atlas of anal- 
onn. usinc these water colors, intt to get out a worth while one, 
c\ccllciut in the tcchnujuc of color reprmluction was essential, 
and the pioct sses ui use in Spam at the lime w ere not good enough 
to inaKc this project feasible 


sTtinrvT A\n ti a cm n 

As \ rrsui a of hw hard worl and his t\ ident talent m dissection, 
during his second uar Santiago v as granted an appointment as 
assistant in anatnnn lie nniliiphed the sniall earnings this posi- 
tion brought In tutoring stndents m anatomy In spue of all this 
outside worl. and a few minor cvcursions which he permitted him- 
self at rare moments into art for art’s sahe, he passed his course 
ca'ditahK this st-cond \ear— panK, he saj s Cno doubt, with undue 
modcsia), Ix'causc a ccnain professor, fired with 7cal for demo- 
cratic pnnciples, had altered the traditional scheme of marking by 
grades into a mere “pass” or “fill " Although he claims to have 
profited hv this more lax method, S.antiago was no believer in it 
It is interesting m \icw of modem trends in this direction in our 
American schools, and of the fact that Cajal later himself became 
a professor, to see what he sa) s about it 

I confess that I base neter I>ccn able to sec the cducaUonal advan- 
tage of the suppression of marks At an age when laziness and bccdless- 
ness find so man) opportunities to assail the will, wbat barm is there m 
stimulating emulation and c\cn \anity? Let the miracle be done even 
if the dc\il docs id If there remains m the heart of the student any 
residue of unwholesome competitiveness, life wall soon look after doing 
away v ith iL The important thing is to add to the scienufic heritage 
acquired and to keep up the habit of work 
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Encouraged by his professor in anatomy, Don Manuel Daina, 
who had a weakness for him because of his skill in dissection, 
Santiago imdertook a competitive examination for a prize m anat- 
omy On the day the exammation came, he went up alone He was 
told to wnte about the ingumal nng, the region surrounding the 
grom, the lowest part of the ahdommal wall near its junction with 
the thigh He proceeded to do so at length and m detail, clarifying 
his descnption by drawings and diagrams that would have done 
credit to a master Confident of his success, he waited and waited, 
overheanng rumbles of angry talk from an adjoining room in 
which the judges were assembled gomg over his paper What could 
be going on in there? Finally the judges came out, Dama beammg 
his congratulations Santiago had won the prize well enough But 
Don Nicolds Montello, professor of surgical pathology, as he flung 
out of the room, cast a scornful look at Santiago, saying, “You are 
not pulhng the wool over my eyes Your paper was copied'" Santi- 
ago flew mto a rage and would have given the professor a piece 
of his mmd had not Dama flown to his defense The mcident had 
a happy endmg, but Santiago, remembering it, was never to show 
himself at an examination for a prize again 

Dunng this penod the medical schools of all the world, but 
especially of Spam, were going through what Cajal was later to 
call the Pre-Bactenal Era Many of the professors, of a type too 
rare today, combined with their knowledge of medicine classical 
scholarship and a love of the arts, and qmte naturally they tended 
by temperament to react violently against the materialistic trends 
(already begmnmg) which were soon to dommate chemistry, his- 
tology, and later the new science of bactenology 

At about this tune there appeared a revolutionary book, Vir- 
chow’s ® Cellular Pathology Follovraig m the steps of the German 


^ Rudolf Virchow C 1 821-1 902) Great German saentist and hberal He 
envisioned the body as a land of “cell state” with its speaahzed cells com- 
parable to the human specialists— doctors, lawyers, bakers, carpenters— 
who must exchange their products or services with one another for their 
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anatomist Theodor Schwann,® who had propounded the theory 
that the cell is the basic structural unit of all hvmg organisms, then 
a totally new idea, Virchow applied this concept to the study of 
the cell m conditions of disease This book provoked a controversy 
between Santiago and his professor of pathology, Don Genaro 
Casas, a fnend and fellow-student of his father’s and a teacher of 
great ahihty Santiago was mtngued by Virchow’s thesis that the 
cell is an mdependent hvmg entity and the chief malefactor in 
bodily ills The opposmg school of thought— the vitahsts and the 
animists, of whom Don Genaro was one— held, on the contrary, 
that the cell is not the basic structural unit of the organism hut a 
land of outpost defense protectmg the body agamst attacks from 
the world without One day m class, when questioned about m- 
flammations, Santiago had an opportunity to display his new 
knowledge, so much at vanance with his professor’s views He de- 
clared, with a boldness he was later ashamed to recall, that mflam- 
matory exudations (pus formations) were not a defensive reaction 
on the part of the hfe pnnciple mherent m the body hut merely 
the result of local irritation, which stimulated the mulbphcation 
of cells at the mjured spot "As I understand it,” he said, “the cen- 
tral forces within the body, if such forces really do exist [and he 
mdicated strongly that he doubted it], take no part in the process, 
as IS proved by the statement of Virchow that inflammations 
may occur m tissues which do not contam any nerves or blood 
vessels” 

Don Genaro was not annoyed, as he might have been, by such 

own survival and for the well-being and enncbment of the community as a 
whole. Similarly, he conceived of soaety as "the social organization of 
cells ” Each of these two aspects of hfe was profoundly mterestmg to him, 
before he was twenty-five years old he was both active pohtically and was 
the editor of a medical magazme 

® Theodor Schwann (i8io-8z) German anatomist and physiologist, 
professor of anatomy at the Umversity of Louvain and noted as the founder 
of the cell theory "CeUs" are the htde compartments or chambers observed 
in all tissue when it is exammed imcroscopically 
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arrogant heresy from one of his pupik He gently tned to argue the 
point and to explain that even in tissues -without nerves or blood 
vessels, -when pus gathers about the site of any injury, this repre- 
sents a defensive reaction of the -vital principle of the body against 
harmful stimuli from outside it. He pomted out the essential pur- 
posefulness of such a defensive reaction, by which the organism 
tnes to remove the cause of the trouble and repair the damage that 
has been done Such a purposeful action mdicated the existence 
of an immatenal prmciple -within the body which regulated and 
co-ordmated its acti-vities This could be nothing else, Don Genaro 
urged, than the -vital force, another name for the “vegetative soul” 
of the medieval scholastic philosophers 

All this seemed misplaced poetic fancy to the rationahstic San- 
tiago To him— and he said so— the vital force or vegetative soul is 
a myth mvented to cover up our real ignorance of how these com- 
monly observed processes come to pass His stubbornness caused 
quite a scene m the classroom The next day when Don Genaro 
met Don Justo at the imiversity, he said, 'Tou have a son who is 
as stubborn as a burro Once he is sure he is nght about a thing he 
won’t give up his idea, even if the hves of his parents depended 
on It ” Santiago at once regretted his forwardness and apologized 
for It to Don Genaro 

Professor Ferrer, mstructor m obstetncs, reproached him one 
day for his irregular attendance at his classes 

“My work in the dissecting room takes up all my time,” Cajal 
answered, "but I have done the assignments and have kept up 
-with your subject fairly well ” ^ 

“That we shall see,” rephed Professor Ferrer ‘Tell me about 
the ongm of the membranes of the fetus.” 

This was one of his pet themes and he had developed it m his 
lectures m detail So, acceptmg the challenge, Santiago went to 
the blackboard and drew colored diagrams showmg all the stages 
and transformations mvolved m the development of the tmbora 
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cliiKi IVofc'^^r 1 curt. K j! %n(i ;o In*, insft.ul of nursing 

Ins nnnci\ nu'c, follow rtl ilu iVtnon'-ii.umn v iili lUliglit 

“llic Icctuic \on 1 h\( ni't p\rn us Ksnn.,s \our jnssmg tins 
romsrwnli in V'scllttu even if \on m\u conn, to ths^ ngmn," 
lie snid V lien il v, s «5( ne 

Cnpl puintcil In tins I'hnl rt jn tnnssidn to snv nv.nv ns nnicli 
'islict^Ttxn! c<nuVMrciolnu’ !o<onn t<»t h's on ntc oaisions when 
h < o'Ikj wiiil pnnnttril it 1 lis stieas' m tin tleinonsmtion, he 
tells us, w -s ‘her* hu 1 111 intnr't in nintonu Ind led hnn to nn 
inirnsne <'i‘d\ <>f the mil nc' If tlir jnoh soir Ind wl.ed nlniosi 
rinnlmn^ 1 1 e, )i. ;x-i) nn< twin of tin cnius.t vould hut htcn 
Ind ojs n to them ill Ilio r s'f hi eh- iinti s v ho 1 tun* him well 
i;iicss,ed tin to he the c>*< hut we* t(»o lu\ il to fi\c him nwnv 
And hesidt ' , the tf .!* e m ;jio, h) i ninn nihersTt the uni- 
xcrsiA fj-, ,, ) , J „f I >lvij -itf^n ficihtRS nnd hcK of 

oppsnnintx for <l,:r't rsj'eneiHi thus itndini> to Keonic pure 
iherw As Cihl wis to pnnt out lutr ‘to studv positions nnd 
pR’-sent ttioiw in ehiMhu'h v* itlu nt ln\ inj' 1 h t n pu sent nt n single 
dclncn is hie Iceming liow to shot without ever Inving held 
a cun ' 

“sick M s s r s or i o ii th" 

CsjAi Ind gutn Ins v orl in the dis<-cciing room as nn excuse for 
cuuins hroft Tent r’s ohnt tries course ns often as he could But 

It was not nn nhogtther iruihftd excuse For nlthougli lie worked 
hard, he Ind some hours of h isurc, which he chose to spend with 
one or the oihe r of his threx mnnns of tins period literature, gym- 
nastics, nnd philo^oplw 1 Ic calls these the sicknesses of youth 
During this epoch of social nnd political upheaval, Spam w'as 
deep in the throes of htcrar)' romanticism The new'spapers blos- 
somed ever) da) w ith hymns and odes to passing events, wdneh m 
die eyes of tlicsc exuberant contemporaries took on a kmd of epic 
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grandeur Victor Hugo, Espronceda, ZonUa,”^ and the oratory of 
the revolutionary leader Castelar were the literary lodestones of 
the age, attracting a swarm of imitators "As was to he feared,” 
Cajal says, "sentimental temperaments like mme suffered more 
acutely from this fashionable disease than did the cooler, more 
practical fellows I took to makmg verses, composmg legends, and 
even wnting novels After some years of this, convalescence finally 
set m, and with it came the hittemess of disillusionment ” Of all 
his fellow-victims only one, Joaquin Jimeno, contmued to wnte 
He became a man of literary taste and talent, editor of a news- 
paper and an outstandmg politician Thanks to his good fnend 
Jimeno (so he says), the local newspapers published some of 
CajaVs verses He had very little use m his later years for these 
poetic excursions but they were probably not nearly so black as he 
pamted them m his Recmerdos 

One of the idols of the time was Jules Verne, who fired Cajal’s 
imagmation as did no other hterary figure he encoimtered in these 
years In imitation of the Voyage to the Moon, Five Weeks m a 
Balloon, and Round the World m Eighty Days, Cajal wrote an 
enormous biographical novel about a tnp to the planet Jupiter 
Here the human traveler encountered fantastic animals m the 
form of men, but infinitely larger, and smce m companson with 
then huge bulk he himself was the size of a microbe, he remained 
mwsible to them Cajal’s later descnption of this youthful work, 
which testified so stnkmgly to the creativeness that was m him, is 
so interestmg that a bit will be quoted here 

Armed with aU sorts of saentific apparatus, the intrepid hero com- 
menced his exploration by stealing mto a cutaneous gland he after- 
ward entered the blood, sailmg on a red blood corpusde, watched the 
epic struggles between leucocytes and parasites, observed the remark- 

" Jos6 Zonlla (1817-93) Direct successor to Espronceda (see note on 
page 31) A wnter of great national spirit, dramatic insight, and lyncal 
spontaneity, a kmd of Spanish Su Walter Scott. Popular novehst, drama 
nst, and poet 
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nMc Mnnl ncou'-iic nui<atlinnd other funclion';, \ml fimlly nrnvcd 
It the hnin intl (h'^covered— thmh of it'— there \\i9 nothing trivial 
aKnit It— the VLtixt of thought and of the \oluntarv nnpuKc Numcr- 
nu<« odiacd pictures solc^tcd of coutsj., from the histoIogic.il hooKs of 
the period (1 link \inKrni]rin Kolhl.cr, 1 rev and others) illustrated 
the test ind showed in hfiliKc fashion the (setting adientures of the 
hero, who threatincd inoic than ona.' In the Msanis tent iclcs of a 
Icucocste or of a sihratik corpuscle, fretd himself from the danger hj* 
inginious clToits 1 am «om that 1 have lost this hooK, for it might 
IX'rhijTs ha\c iKtn tniufonnid in the lit ht of the modern reielations 
of lustnloin and hactinologs, into a lUlightful work of scientific 
populan/ation 

At eighteen Capl w is smrds and agile, w ith a smug conceit that 
lie was the strongest meinl'cr of his class 1 Ic was shortly to he 
undtccncd— he never !nd much luck in chenshing illusions A 
classmate, lose Monones Inter to prove a lifelong comrade, got 
tired of hearing liim l>oast of liis fine muscles 1 Ic challenged him 
to a contersi with the wrists, a fonn of haiile then very popular 
among undergraduates Catal was “licked" to the last ditch When 
he had caught liis hreatli, he asked his victorious foe how he had 
developed such iron arms and h inds 

"TliTough gv mnasucs and fencing " 

“If that IS the case," said Cajal, “I’ll beat jou in si\ months ” 

For replv, Monones cast lum a half pitvmg, half-contemptuous 
smile But he did not know the champion shngshot-vvicldcr of 
Av erbe 

The next dnv, un! nuwn to his father, Cajal went to the gyin- 
nasium of one Pohlador, located in the Plaza del Pilar He and 
ihe g) mnast struck a bargain by which Cajal was to give Pobla- 
dor lessons m muscular physiology, knowledge of which Pohlador 
tliought would give his professional instruction a more distin- 
guished tone In exchange he would give Cajal lessons in physical 
prowess 

With cliaracicnsiic zeal, Cajal threw himself into this business, 
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devoting two hours a day to the gymnasiiun Each day he system- 
atically added more weight to the balls he threw about, and each 
day he did more turns on the parallel bars By dint of all this, he 
did eventually heat Monones red in the face and became the super- 
man of his class Poblador had never had such an advertisement of 
the efficacy of his teaching 

This is Cajal’s descnption of himself dunng this “epoch of the 
biceps” 

In physical appearance I was not much of an Adorns Broad m the 
shoulders, with enormous muscles, I had a chest circumference of 1 12 
centimeters [about 45 mchesl When I walked it was with that m- 
elegant and rhythmic strut charactensdc of the side-show Hercules 
Like the paws of a beast, my hand unconsciously crushed the hands 
of my fnends A walkmg stick, which was transformed into a straw by 
my blunted sensibilities, had to be replaced by a terrifying iron bar 
(weighmg 16 pounds), which I pamted to imitate an umbrella case 
I was proud and even insolent with my coarse porter's figpre, and 
burned with eagerness to test out my fists on someone 

A certam inadent occurrmg at this time shows both the results of 
his athleticism and the general atmosphere of that penod of quix- 
otic romanticism Dunng Cajal's university days a pretty, blue- 
eyed girl hved m the Calle del Cmco de Marzo Her classic grace 
won her the name of Venus de Milo among the students Smitten 
by her loveliness, many of the boys would stand for hours under 
her balcony watching her windows and hopmg for a glimpse of 
her Cajal was soon numbered among them It was more than love. 
It was the rapture of the artist gazmg on a thing of beauty He 
never dared to wnte to her or to speak to her 

One evenmg as he •was pacmg the Calle del Cmco de Marzo m 
the hope of seeing her, a stout fellow of his own age came up to 
him and forbade him to walk on that street Cajal did not know 
the hoy but deduced from the confidence of his manner that he 
was a certam student m the engmeermg course who by thrashing 
aU his nvals for Venus’ glances had gamed command of the ter- 

[5^] 




Explorer of the Human Brain 

things he could do for one’s muscles He later became a distin- 
guished officer in the Spanish Engineenng Corps 

Apart from the affair of the Venus, which had hardly any basis 
m reahty at all, Santiago at this age had htde mterest in girls 
Perhaps this was due to his concentration on physical develop- 
ment, which, accordmg to many psychiatrists and educators, often 
retards the development of the sexual mstmcts m young men and 
women To him the prettiest girls were hardly more than winsome 
pictures to look at They did not stir him at all And the girls did 
not find Cajal’ very allunng either They preferred graceful ele- 
gance to his robust sturdmess, and suave distmction to his untu- 
tored directness 

The era of the gymnast was promptly succeeded by the era of 
the philosopher As he put it, the poor association cells of his hram, 
forgotten m his eagerness to cultivate his muscles, cned out loudly 
for their nght to live He began to come to the conclusion that it 
was more worthy to defeat his adversanes with reason than with 
blows He absorbed himself m thoughts about God, the soul, the 
ongm and destmy of the imiverse, and the meanmg of fife itself 
His mterest was not altogether sincere He was less concerned 
vinth amvmg at the truth of thmgs than with dazzhng his fnends 
by his cleverness m dialectics and his skiU m contnvmg and de- 
tecting sophistnes The future rationahst became at this stage an 
absolute ideahst, disciple of Berkeley and of Fichte He set himself 
the thankless task of trymg to prove to his comrades that the 
world about them, which seems so sohd, actually has no real exist- 
ence, except m one’s own mmd At bottom, he was as firmly con- 
vinced of the reahty of the external world as they were, he just 
hked to play with ideas Soon he came to feel that such mental 
g)mnastics as he had now substituted for the physical ones con- 
tnbuted htde to his mtellectual or spintual development except so 
far as they gave his mmd agihty and ultimately led to what he 
regarded as a healthy skepticism Later on he became genuinely 
mterested m philosophy, feehng that it built up m him the proper 
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mental condition for Ins lifework of scientific investigation, m 
winch tlic search for trutli, at no matter what cost to tlie searcher, 
was to be the guiding star of all Ins stnvmgs 


ArTEUMATll or nCVOLUTlON 

Durikg TirnsE vxAns in winch the ferments of later adolescence 
ucrc bubbling up in Santiago, Ins countr)’ too was going through 
a penod of inner turmoil Although the cornipt regime of Isabel II 
had ended with the Rc\ olution of 1 86S, all w as far from well with 
Spain Long ) cars of troubled times lay ahead Once the causes for 
W'lnch the leaders of the Revolution had joined their forces had 
been brought to a successful conclusion, disagreement and rivalrj' 
arose among tlicm j\s soon as the queen and her satellites were out 
of the way, the Provisional Government that had been set up to 
direct affairs issued manifestoes announcing the policies of the Lib- 
eral rulers Tliesc made it clear that the new' government was to be 
a consUtutional monarcliy, with sharp limitations on the pow'crs 
of w hoover w as cliosen king— and he w ould have to be chosen from 
some djTiast)' other than the Bourbon house of which Isabel had 
been the latest Spanidi representative A new Constitution was 
drawTi up in record time— one mondi— by die Cortes appointed for 
die task By it die Icgislain c power was to be vested in two Cham- 
bers Freedom of worship, tnal by jur)% and individual liberty 
w ere proclaimed But the much-vaunted Constitution soon proved 
unsatisfactorj'^ to almost ev'crj'one Tlic Conserv'atn^es decried its 
anticlencal spint The Republicans declared it to be inadequate, 
saying that its reforms did not go far enough Tlie Republican 
leader, Castelar, the greatest orator in Spam, made fiery speeches 
condemning it 

But die Constitution had, after all, been voted in and die imme- 
diate problem w'as to find a king All die possible Spanish candi- 
dates were found to be unsuitable for one reason or another, 
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and so the former Generals Serrano and Pnm, now respethvely 
Regent and Pnme Mmister of the Provisional Government, 
“shopped” around Europe for a monarch One of the royal pnnces 
to whom the crown was offered was Leopold of HohenzoUem- 
Sigmarmgen, though he eventually declmed it, his candidacy led 
to the Franco-Prussian War and the fall of the Second French 
Empire 

Two years after Isabel’s flight Spam was stiU in tumult At 
length the crown ivas accepted by Amadeo, second son of Victor 
Emmanuel 11 of Italy He had been chosen by a small majonty of 
the Spanish Cortes, only 191 of a possible 31 1 votes being cast m 
his favor Amadeo, a consaentious young man of twenty-six, ar- 
rived m Madnd m January, 1871, eager to fill his high post wor- 
thily But his position was hopeless from the start The first misfor- 
tune that befell his reign was the murder of Pnme Mmister Pnm, 
bulwark of his regime, m the streets of the capital 

Isabel had formally abdicated m Jime of the year before, but a 
powerful group that had remamed loyal to her had akeady hailed 
the young Pnnce of Astunas, her son, as Alfonso XII, their legiti- 
mate long This group naturally opposed the rule of Amadeo, de- 
clanng him a usurper Another group of the population was bit- 
terly opposed to the House of Savoy Choni which Amadeo was 
descended) because of its conflicts m the past with the Spanish 
Kmg of Naples and the Duke of Parma and because of its curtail- 
ment of the Pope’s powers It was impossible to get any real sup- 
port for Amadeo from the split ranks of the Government and the 
numerous powerful factions agitating outside it The followers of 
Isabel’s son were akeady m arms, and there were Republican nots 
m Madrid and other large cities Realizing the msurmountable 
difficulties that confronted hun and the constant danger to which 
he was exposed, Amadeo abdicated m February, 1873, to return 
to his native Italy 

Upon his departure, the two Chambers of the Cortes united to 
become a National Assembly and voted Spam a Repubkc By this 
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Let us love our country even tf it is only for her mis- 
fortunes 

— ram6n t cajal 


Santiago had hardly reached his majonty and obtained 
the degree of Licentiate CGraduate) in Medicine when he was 
drafted into the army In the summer of 1 873 the political situa- 
tion m Spam was especially precanous, and the new Republic, 
under the presidency of Emilio Castelar, had decreed compulsory 
mihtary service for all its ahle-bodied young men So Cajal became 
a regular recruit, hvmg m barracks, eating m mess halls, and trymg 
to adapt himself to the ngid routme of army life 

In the hope of getting a commission if he passed the examina- 
tions then bemg held in Madnd for assistant physicians m the 
medical corps, he set ofiF for the capital after months of study by 
which he had prepared himself for the tests as best he could His 
diligence almost caused him to fail Worn out with overwork 
and loss of rest, he overslept on the day of the written examination 
and arrived an hour late at the Military Hospital m the CaUe de la 
Prmcesa Only by adroit diplomacy did he gam admission to the 
exarmnation room at aU, and when he did get in, he foimd the 
others so absorbed m their work that no one paid any attention to 
him He squeezed m at the comer of a table, snatched some paper 
to wnte on, and lost himself m a discussion of cholera, the subject 
that had been assigned But he had hardly more than begun when 
the allotted time was over 
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Explorer of the Human Brain 

dataons m the Catalan cities, hut the peacefulness of the war was 
far from satisfying to Santiago, who longed for the excitement of 
actual comhat The cautious campaign did budd up his health, 
which had been sorely tned by the strenuous work of recent 
months, and his many contacts with the peasants and townspeople 
taught him to know the liberty-loving natives of Cataluna through 
and through 

Once he thought he was really going to get a taste of war The 
regiment was spending the mght atT^rrega when reveille sounded 
]ust before dawn The men rose weanly to undertake a march of 
more than fourteen leagues They finally amved, exhausted, at 
Manresa, Santiago sufFenng doubly from fatigue and from the 
cuts his new boots had caused him The next day the soldiers 
marched on to Salient and then to Berga, where they pitched 
their tents From moment to moment they expected to he at- 
tacked at ambush in the gorges of the Llobregat But the insur- 
gents, perhaps knowmg of the considerable force sent out to way- 
lay them, failed to put m an appearance, and the only warlike 
exploit Santiago had to relate was that of spending a night in a 
camp in the mountams and getting a had cold from the night dew 

His wandermgs through Cataluna after an mvisible foe eventu- 
ally came to an end He was drawm by lot for service with the expe- 
ditionary force to Cuba The war of Cuban independence, which 
had been waged intermittently smce 1868, had flared up agam 
and Spam had to send a new corps of physicians to the island to 
replace those who had lost their fives there Gomg to Cuba meant 
Cajal’s promotion from lieutenant to First Medical Aide, a rank 
equivalent to a captamcy, and this was, of course, gratifying to his 
ambition He rather sadly took his leave of the peasants of Cata- 
luna, whom he had come to like and respect, and of his regiment, 
in which he had made some good fnends He felt no resentment 
that, by a mere tnck of chance, he had to undertake this thankless 
journey Qmte the contrary He was overjoyed at his luck in get- 
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ting this opportunity to serve his country and at tlie same time to 
have adventures in tlie New World 

BeFore going home for his final leave, he paid a visit to the capi- 
tal of Cataluna, Barcelona, to get a view of the ocean— which he 
had never seen before and on which he would be sailing in eight- 
een short days— tlien on to Ziaragoza to hid goodbye to family and 
fnends Don Justo was annoyed by Santiago’s eagerness to be off, 
and urged him to apply for a discharge, being deeply concerned 
about the danger of illness in Cuba, as well as the hazards of war, 
and emphasizing tlie point diat his son’s future lay m medicine 
and not in militar)' advancement But Santiago had always been 
able to match Don Justo’s stubbornness with his own He answered 
that he would consider it a disgrace to apply for a discharge but 
promised that when the campaign was over he would return to his 
work in anatomy To be honest, it was his longing for new e\pen- 
ence as well as his patriotism and his sense of duty that prompted 
him to brush aside Ins father’s wnse solicitude 

At this moment rebellion struck the Cajal family from an un- 
expected source Pedro, two years younger than Santiago, em- 
barked first on an enterprise so much more spectacular than the 
one to which his brother was assigned as to dwarf Santiago’s 
adventure At eighteen, Pedro had fled from the University of 
Zaragoza, gone to Burdeos, and set sail for Uruguay, where he was 
destmed to go through a long senes of vicissitudes He became a 
soldier of the pampas, was ivounded in several battles, and finally 
was made secretary to an Indian chief who was something of a 
military genius though he could neither read nor wnte Not until 
eight years later did Pedro return home to resume his studies at 
the medical school 

With Pedro gone, there was no one to share Santiago’s excite- 
ment at the prospect of going overseas but his classmate and fellow 
soldier Cenarro Even before the two boys had joined the army, 
they had taken walks together along the Paseo de los Ruisenores, 
full of talk of the military exploits they hoped lay m store for them 
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Both saw m the army a chance to visit distant lands, lands with 
magic for them m their very names— the Phihppmes, Puerto Rico, 
Cuba, Africa Both were tired of the monotonous gnnd of school 
hfe, thirsting for freedom and new emotional outlets Santiago’s 
Mecca was Amenca, chiefly tropical Amenca, of which he had read 
lush descnpuons m the French and Spanish romantic poets and 
novehsts who had exerted such power over his youthful imagma- 
tion He saw it m the colors painted by Chateauhnand— virgm 
forests, bnlhant blue seas, flammg flowers of rare hues and heady 
fragrances Each of these young men was destined to have full 
satisfaction of his longmg for adventure Cenarro became an army 
surgeon and was appomted to the Spanish embassy at Tangier 
As for Santiago- 

Before two years had passed [he says] I found myself shut up m that 
much admired West Indian jungle, m those shadowy glades as sad and 
gloomy m reahty as they were seductive m the descnptions of Ber- 
nardin de Samt-Pierre ^ Those who have sung the praises of the tropics 
have overlooked one smgle small detail that enchanting Paradise is 
simply umnhahitahle for a European 


NEW WORLDS TO CONQUER 

Don Justo resigned himself to the mevitable In order to do the 
best he could for his son, he procured letters of mtroduction for 
him to the Captam-General and to other persons of importance m 
Cuba, m the hope that through them Santiago would be stationed 
at some reasonably healthful post Armed with his letters, Cajal 
proceeded to Cadiz, where, jomed by several compamons, he em- 
barked on the htde steamer Es'pafia 

The sea was smooth, and there was much recreation on hoard, 
both the organized entertainment provided by the Companfa 

^Bemardm de Samt-Piene (1737-1814) French vrater, author of 
Paul et ViTgmte, etc. 
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Trair^ddnuca and Uiat dcvi«;cd by tbe soldiers tlicmsclves San- 
tiago spent most of the time on deck, watching, spellbound, the 
surging sea, the flight of gulls, the leaping of the flying fish, and 
tlie shifung constellations m the sky at night 

E\cn m the black swell (the black sea of Homer ) there w'ere 
fasamUng surpnscs [he wnrote] On calm nights the water did not 
mcrelj reflect the light of the skv but glowed with a mystenous re- 
fulgence of Its own Mv childish curiosity delighted in tracing the 
phospborcsccnt wake of the swarms of noculucas, excited by tbe for- 
midable disturbance made In our projacllcr I w'as a little afraid, 
feeling as if I were floating between two infiniUes I still had fresh m 
mind w’hat I had read in the w’ritings of the e\ olutionists, who look 
upon the sea as the cradle of life and the rhythm of tbe w’aves evoked 
m me the throbbing lore of the mother embracing her children (It is 
true 1 had not seen the goddess Tlietis in her more murderous moods ) 

On die scaentcenth day of the journey he caught a glimpse of 
tlie city of San Juan do Puerto Rico, glistening m the early morn- 
ing sun He thought it a wonderful sight— on the left, tlie great 
hulk of Morro Castle, bristling with cannon, and on die right, an 
endless array of palaces and villas, intertwined widi rows of palm 
trees Havana, reached soon after, seemed to him for all the w'orld 
like a city m Andalusia, which made him feel at home at once 
The architecture of die htde, tw'o-storj’ houses, each w'lth its patio 
and secluded garden, was familiar, even die speech of die people 
reminded him of die Soudi of Spam And die Creole spirit diat 
pen'aded the whole— the languor and indolence mingled w'lth 
sensitiveness and grace— was Andalusian too Tliough he re- 
sponded keenly to the charm of die place and its people, he felt, in 
his more practical moods, that it w'ould have been better if the 
Spanish colonies in Amenca had been setded by the sturdier, more 
disciplined stock of the northern provinces, a stock more fitted by 
nature for the struggles of commerce and mdustry 

In Havana, far from bemg disappointed in the reality of a city 
he had pictured so glowmgly in anticipation, he was at first en- 
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chanted by everything He loved the mixture of races met with m 
the streets, the vivid flowers in the parks, the violent sun, the sav- 
age ram, the Spanish moss enshrouding trees and iron balconies— 
It all suggested a weird stage setting or somethmg from the satur- 
nine imaginings of a Poe But he did not find the virgin forests so 
widely advertised by the Romanticists Instead of endless jungle 
dark with trees a thousand years old, there were around Havana 
only scrubby thickets and a disorderly array of small cedars and 
mahogany trees If only he could have set foot m this land with 
Columbus, he thought, before the rough-hewing of colonization 
had desecrated it* As the weeks went by and he explored the coun- 
tryside, he found that animal life was far from abundant, and he 
deplored the virtual extmction of the native races The Creoles, on 
closer acquaintance, impressed him as a lazy lot, hvmg on the 
sweat of the Negroes and contnhutmg htde to the sharply strati- 
fied society of which they considered themselves the flower By 
what he saw of them he became convinced that the white man 
detenorates in a tropical climate Only the Cuban women seemed 
to him to have escaped the degenerating mfluence of the indo- 
lent life, they were all grace, exquisite in face and figure, their 
soft voices like a caress (Which perhaps explains why most of 
the Spanish soldiers promptly fell m love with these engaging 
beauties ) 

A month after their amval in Cuba, the medical officers were 
assembled in the quarantine station and told of the vacanaes they 
had been brought over to fill Cajal’s pnde forbade his presenting 
the letters of recommendation his father had obtained for him, 
though most of his colleagues used every scrap of mfluence they 
had in an effort to get the hospital appointments, which were 
knowTi to he sinecures These were soon all given out and the doc- 
tors without important fnends were assigned to the regiments or 
to the infirmaries m the jungle, remote outposts where supplies 
were scarce and conditions appallingly unhealthful The regi- 
mental physicians fared a bit better than the mfirmary doctors, in 
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«;pitc cf'ilioir more ^lirrct contact wjih nciinl figluing. the) ni least 
drew tlieir pav rcguliil) and hid ilu'tlnnccoccnsiomlly to return 
to the cjt\ for rccupcntjon and •^til life 


\ ISTA HI JIM os A 

Csj\t w IS m'^ij'nrd to dm ci one of ilu worst and most isolated of 
the inrnmanrs— \ wia 1 h niii''.i— smnied in the jungle in the dis- 
trict of Puerto Pnncij'c. a ugion diMstatcd In war A few da\s 
after getting his orders, he S(,i vail in the sitmrcr allocated to this 
mission aecompanie d h\ 'e \ e nl eithe r doctors and a IhhK of fresh 
troops sent to rrpl *ce ireent casuaha« An arnioicd train com tied 
them in a few hours from \tuijtas to Camagitee, from whicli, 
after a few da\s‘ respite, *sintngn went on to Vista 1 lennosa 
It V as while* he was on hts tourntv to this destination that he 
learned of the inimitu m resiontion of the monarch) in Spam 1 Ic 
was tahing cofTca with some either ofTictrs one da\ when a major 
from Aragon stanled him witli this (jut'stion 
“You hate Ills: come from Spain \\’1iai is the news nlaout the 
conspinca that issujipostel to put Don Alfonso on the throne^” 
S'>ntngo miimhkd, “I ihinl C-astclar’s Hcpiihhc dcscacs the 
confidence of the amn 

“I see, old man, that vou’ac l>ecn In mg out of this world Don't 
)ou Know* that the arms is monarchisi loo per cent, and that 
sooner or later the* Pcpuhhc w ill go dow n 
Cajal was dumbfounded, hut the major's prediction was soon 
to be fulfilled 

Bach in Spain, General Pavia, after putting dowaa the revolt of 
the Carhsis in the Nonh, had urged President Castclar to tahe 
oacr the Goacmmcni h) a coup d’etat, such as that which many 
) ears before had made Louis Napoleon the Emperor Napoleon III 
But Castclar was a sincere Republican and refused to do this Yet 
m spite of his wisdom, his good government, his democratic pnn- 
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ciples, and his honest efiFort to reap the fruits of the Revolution 
and to establish the Republic on a permanent, orderly basis, Cas- 
telar vi^as destmed to fail Several mutmies that had occurred in the 
army had ahenated the loyalty of the officers and of the middle 
classes Soon he was defeated m the Cortes, and General Pavia 
took over for a time, toymg with the thought of seizmg the Gov- 
ernment himself, but finally tummg over control to Serrano, who 
tned to rule along the conservative fines he had always cham- 
pioned 

With this change m the leadership of the Repubhc, the Carlists 
stirred up trouble agam and Serrano’s first task was to send out 
another army to suppress them Meanwhile, the enthusiasm that 
had ushered m the new state was changing into smoldenng dis- 
content and impatience at the course affairs were takmg The peo- 
ple were growing weary of the anarchy and the constant warfare 
that accompanied republicanism and with which it had become 
mextncably associated m their mmds They wanted peace witfi 
secunty and cared htde now whether it was to be obtained from 
Carlos or from Alfonso, son of the once-hated Isabel, they were 
convinced that it was not to be had from the men now directing 
the pohcies of the nation 

When by the end of the year the Carhsts had exhausted their 
strength m fightmg Serrano's troops, the followers of Alfonso took 
up the batde agamst the established Government On December 
29, 1 874, Alfonso XII was proclaimed long at Sagunto The troops 
stationed m that part of the country offered no opposition The 
Government leaders did put up a feeble resistance, but when the 
gamson of A^adnd declared itself for Alfonso, they gave up 
the struggle The Cabmet resigned and President Serrano left the 
country Alfonso was m Pans when his followers accomplished 
this signal wctory m his behalf, but a few days later, on January 
14, 1875, he entered the capital 

Meanwhile Cajal, quite out of harmony with this turn of events, 
was buned alive at Vista Hermosa This small encampment 
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sprawled out over gentle slopes completely surrounded ty jimgle 
On the highest of the httle hills tliere was a square log fort, pierced 
with loopholes, m it a small company, its numbers much reduced 
hy illness, was stationed under the command of a captain The 
hospital stood a short distance away, a crude, shedlike structure 
with a thatched roof, flanked hy two towers and remforced with 
a parapet of logs The fort and the hospital were the only buildings 
of any consequence on the premises Beyond them on the slopes 
were a few shops and the miserable huts of the Chinese and Negro 
laborers Once a month rations were brought up by active troops 
Othenwse the dwellers m this outpost were cut off from the world, 
not danng to venture a mile into the jungle for fear of the msur- 
gents who were Ijnng in wait there Constant mmor skirmishes 
took place between them and the sentnes 
The infirmary had more than its quota of patients, for approxi- 
mately two hundred were hedndden with malana or dysentery 
Cajal slept close to them m a little room separated only by a par- 
tition of boards Besides a bed and a table, his room contained 
muskets, cartndge crates, and boxes of biscuit, sugar, and medicme 
—chiefly sulfate of qumme In one comer he fixed up a tiny photo- 
graphic laboratory, usmg wooden boxes and empty cans, and he 
bmlt a bookcase for his small hbrary In what leisure he had he 
amused himself wath readmg, drawmg, and photography But, as 
he says, agamst microbes neither art nor flights of fancy offer any 
protection Soon he too was a victim of malana, and no wonder, 
for they all lived amid swarms of mosquitoes, roaches, gnats, and 
other forms of msect torment If the medical men of the penod 
had even suspected that malana is transmitted by mosquitoes, 
thousands of Spanish hves could have been saved m this Cuban 
campaign But no one suspected it then Enormous doses of 
qumme did htde good because the patients were prompdy rem- 
fected from the ongmal cause The poor food did not help either 
Cajal did his best to keep gomg but in time was prostrated by a 
combmation of malana and dysentery His mcompetent assistant 
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coped with the situation as well as he could and Santiago tool 
advantage of his enforced idleness to study Enghsh' Although he 
was as ill as any of his patients, who were dying hke flies around 
him, his youthful faith never allowed him for a moment to doubt 
his own survival He was sure that as soon as he could get away 
from the nuasmas of the swamps he would be w^eU agam, for at 
that time malana was thought, to he caused by the exhalations of 
the swampland, not the insects it nurtures 
As if this life were not wretched enough, one mommg at day- 
break the rebels tned to make a surpnse attack on the camp San- 
tiago was awakened by loud shoutmg and a volley of gunfire He 
leaped from his bed and threw on his clothes Through his wan- 
dow he saw a group of cavalrymen and foot soldiers, mosdy midat- 
toes and Negroes from the jungle The commander prepared to 
defend the fort, oflFenng its protection to Santiago But Cajal re- 
fused to take refuge there, his duty lay with his patients He seized 
a gun and ran through the wards, urging those who were not too 
desperately ill to join him in the defense of the mfirmary Most of 
the soldiers did take part, those too sick to stand knelt m their beds 
and fired through the windows A few weeks before this, the in- 
surgents had fired on a similar settlement, Cascorro, and had mas- 
sacred guards and patients, but this time, finding the gamson at 
Vista Hermosa forewarned, they withdrew without attackmg 
After this mcident Santiago became so ill that he was forced 
to apply to the Inspector of Health at Puerto Principe for a month s 
leave As there was no one to take his place, this was difficult to 
obtain, but he finally did get leave and went to Camaguey for treat- 
ment, by which his health was greatly benefited But he was never 
aftenvard to be entirely free of the far-reachmg eflfects of the type 
of malana to which he had succumbed 

Because of the condition of Cajal’s health after four months of 
Vista Hermosa, Dr Grau,then Head of the Department of Health, 
transferred him temporarily to duty as physiaan at the military 
hospital of Puerto Principe While in this position he made fnends 
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among the other young doctors who like himself had recently 
come over from Spam, and he came to know the outstanding sur- 
geon, Dr Ledesma, Director of the Army Medical Service and 
later physician to the royal house of Spam His penod of convales- 
cence m Puerto Principe, which lasted only six weeks, he later 
looked back upon as the pleasantest part of his sojourn m Cuba 
There was much social life m the city— lavish parties, gay evenings 
m the caf&, reckless gambling m the casinos This led to great dis- 
sipation among the officers and men— alcoholism, gambling, and 
promiscuity— all of which Santiago had sufficient character to re- 
sist, although many a good soldier m the Cuba of the time fell 
victim to one or another of the three Many of them were prac- 
tically dnven to gamblmg, since it was quite usual to have one’s 
pay i\athheld for months, and as a result of this laxity on the part 
of the offiaals the soldiers were m a state of continuous financial 
collapse Cajal hunself after four months m Cuba had received 
only his first month’s pay, 125 gold pesos The poorer one’s posi- 
tion m the service, the less likely was he to be paid at all The 
doctors assigned to the city posts got along fairly well, but those 
relegated to the distant mfirmanes were practically forsaken The 
economic distress of the physicians m the outposts was due not 
only to charactenstic mismanagement on the part of the author- 
ities but also to the absconding of a certain Villaluenga, pharmaast 
m the mihtary hospital at Havana and paymaster general of the 
medical corps, who fled to the United States at about this time 
ivith a woman of ill repute and the sum of 90,000 pesos 

Cajal grew so impovenshed that he had to call upon Dr 
Grau for help Dr Grau did sponsor a loan of 125 pesos for 
him, levied on his colleagues But Cajal’s asking for a loan earned 
bun impopulanty among his fellow officers, who thought he 
sbould depend on credit as they did and give up his exaggerated 
scruples They did not take into account the fact that he had been 
hving m an unmhabited region m which there was no one able 
to extend credit, and that for part of his stay there he had been too 
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ill to seek out any even if there had been any to he found And 
while he was m the city, what merchant would be such a fool as 
to lend money to an unknown man who was so obviously sick that 
he might not hve to pay it back? But the grudgmg advance that 
Dr Grau was able to collect had one important result besides 
saving Cajal from bankruptcy it made him vow never to ask for 
finanaal help from anyone agam, a promise he kept aU his hfe 


SAN ISIDRO 

Cajal’s convalescence now officially declared over, Dr Grau 
assigned him to the mfirmary at San Isidro, whose medical director 
had just died m the Ime of duty, as had the director before him 
When Gajal got there, talung his place, as he says, m the queue of 
death, he found San Isidro to he even more unhealthful than 
Vista Hermosa Its only advantage was that it was more accessible, 
hemg on the East Military Road, which started at Bagd Between 
San Isidro and San Miguel de Niievitas a rmhtary tram ran daily, 
hence the procunng of supplies was less of a problem The field 
hospital was htde more than a huge shed with beds for three hun- 
dred patients Like the mfirmary at Vista Hermosa, it was pro- 
tected by a square fort armed with a garrison It was surrounded 
by swampland and had been selected as a penal hospital for dis- 
sipated military men Gajal gives us a picture of this Guban Devd s 
Island 

Soon after my amval I saw how effective a place of expiation this 
was A certam dnmken, quarrelsome officer had just died there and 
two other officers who had just filled out their terms at San Isidro 
were boardmg the tram to freedom with weak steps and haggard faces 
A few days later, a captam of the headquarters staff amved This fel- 
low was half crazy' hut he was also very clever, and I had animated 
conversations with him and with three other officers from different 
parts of the service, who had been accused of scandals and of comniit- 
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ling inc.vcu<^iMc c-nccs^c-; in cnfcs and oilier places of amusement They 
were cheerful, nlhatue fellows I passed the lime nol loo unpleasantly 
listening to the tales of ihcir escapades Such conquests in the lists of 
love' Such ingenious iricKs to get around the watchfulness of husbands 
and fathers' Such stratagems to open the coffers of the money lenders* 

The distressing thing w is that these entertaining chats soon stopped 
In oncor two weeks almost all ilicsc irroganl Ijw daces had succumlied 
to fever \nd when the hour of their longed for deliverance struck, 
they rose from their Ixrds determined not to sjicnd another daj at San 
Isidro Two of them were earned to the tram on stretchers I remember 
that when iliev said goodbve to me thev looked at me with pity in their 
eves, such looks as the ransomed of Argcl - must have cast on <he 
captives who had no hojvc of rcleaM: 

From the Spanish point of view, the campaign in Cuba was to 
prove a dismal fiasco Part of its failure was due to the strategists 
who had planned loan the island into three parts through the con* 
strucuon and defense of nuht.ar) roads, called trochas These high- 
wa\s were lined w ith strong palisades and sometimes forufied wath 
barbed wire entanglements, defended h) a blockhouse every’ five 
hundred meters cr\ thousand meters or so, there was a wooden 
fort with a lai^cr company of soldiers The seiilcmcnis along the 
roads were guarded hv the army too, and offered some measure of 
safety to hospitals and stores of ammunition 

Cuba has roughly the sliape of a sausage divided into three sec- 
tions The rchclhon had been most acme in the east The plan be- 
hmd the forufied roads was to cut the island from north to soudi 
and tlius to divide it into tight compartments to prevent the spread 
of the msurrccuon Tlie roads were to keep the western and central 
regions, source of army supplies, from tlic contagion of the eastern, 
by sealing off die two more peaceful sections, it w’as thought diat 
a relauvely small army could put down the revolt. But tliese sup- 
posedly impregnable roads were not all diat was claimed for them 

* The Moonsh stronghold in which Cervantes was imprisoned for five 
years 
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They were crossed constandy by rebel bands without undue nslc 
They made slow-moving and unwieldy an army that would have 
been far more effective in guerrilla warfare They were costly to 
mamtam, a catastrophic fact m view of the desperate financial 
straits through which Spam was then passing as a result of almost 
continuous civil wars Worst of all was their toll in human lives 
they immeasurably mcreased the amount of sickness because many 
of the forts guarding the military roads, like that protecting the 
hospital to which Cajal was assigned, were located in swampland 
Cajal estimated that the roads caused the death of 20,000 men be- 
fore their use was abandoned Deplormg in his later years the dis- 
regard for human life that is inseparable from war, he cned out 
m protest "It is amazing and mfuriatmg to see the blindness and 
the stubbornness of our military leaders and governors, and the 
unbelievable lack of feehng with which they have always squan- 
dered the blood of the people' How it distresses one to thmk of 
the complete irresponsibility our hlundenng generals and ego- 
tistical mmisters have been gmlty of'” 

It was because of such unmteUigent strategy and such funda- 
mental weaknesses m the character of the Spanish leaders, both 
pohtical and military, that Cuba would later wm her freedom 
from Spam In the light of history and of powerful trends operat- 
ing m aU the countnes of the Amencas, even as early as 1875, 
Cuban independence was inevitable Yet to forestall this— or even 
m the vam hope of preventmg it altogether— Spam hied herself 
dry, foUowmg the pohcy of her Conservatives, who had pledged 
to this attempt "the last man and the last peseta ” As a colonial 
power Spam could have profited by the example of England, 
which, havmg learned its lesson from the Amencan Revolution, 
had become astute enough to grant her remainmg colonies a wide 
margm of autonomy If the Spanish leaders had been as attentive 
to the lesson to be learned from this Cuban war, the later clash 
ivith the United States might have been avoided 
Though half-sensing the futihty of the whole enterpnse, Cajal 
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struggled on from day to day witt the heavy burden of his medical 
duties at San Isidro At all times his hospital contained three hun- 
dred patients or thereabouts, men ill with smallpox, ulcers, malana, 
and dysentery A difl&culty almost greater than that of carmg for 
them was the effort to beep the employees of the hospital from 
steahng everything they could lay their hands on Bnbery and 
corruption were the order of the day from the commander of the 
guard down to the humblest manual laborer The patients were 
not bemg fed even as well as the modest provisions allowed them 
should have permitted, smce the ofl&cers and the cook somehow 
managed to spirit away all the good food, leaving nothmg for the 
sick men but refuse devoid of sustenance When Cajal confronted 
the offendmg officers and the cook with this accusation, he was 
given the short answer that his predecessor had got along well at 
San Isidro because he had overlooked such thmgs, and if Dr 
Cajal knew what was best for him, he would do the same The 
black market was flounshmg, too, and cook and officers were not 
only well fed but also nch from the money their under-cover traffic 
brought them Cajal, meanwhile, was still desperately waiting for 
an mstallment of his pay, always intermmably delayed 
A clash with the major, who, as officer m charge of the gamson, 
really earned the responsibility for the state of thmgs at San 
Isidro, was mevitable Cajal accused him of failing in his duty m 
not seemg to it, and at once, that conditions were changed He 
threatened that if the major did not take steps m this direction, he 
(Cajal) would rectify the abuses himself Though angry, the 
major neither denied the facts nor promised to alter them So 
Cajal proceeded to carry out his threat, taking the first step to- 
ward reform by havmg the orders for provisions carefully checked 
each day with the items received The response was immediate 
and violent Cajal was cut by all his fellow officers and every petty 
annoyance they could think of was mfficted upon him All this 
while he was visibly wasting away from a new attack of malana 
One of the thmgs the major did to humihate him was to stall 
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two of his horses m the hospital with the patients, pretending that 
he had no room for them m the fort and dared not leave them out- 
side lest the rebels steal them Cajal was m bed -with fever when 
he heard the horses’ hoofbeats on the floor outside his room He 
got up m a fury, went out to where the grooms were tymg up the 
horses, and drove both grooms and horses out of the buildmg The 
commander stormed m, qmvenng with rage 

“How dare you disobey me? I am m command here'” 

“I beg your pardon,” Cajal rephed “Inside this hospital there 
IS no authonty above mme I am responsible for the care of my 
patients and I will not have the hospital turned mto a filthy stable ” 

The other officers finally succeeded in pacifymg them both The 
commander drew up an mdictment agamst Cajal for msubordina- 
tion, even threatemng to have him thrown mto prison But eventu- 
ally, when through Cajal’s disclosures of the sharp practice and 
the black marketing gomg on at San Isidro, the actual conditions 
became known to those in authonty in Puerto Principe, the whole 
affair quieted down, the mcumbents thmking it the part of dis- 
cretion to let well enough alone So there was no more talk of pro- 
ceedmgs against Cajal, though the major made hfe as miserable 
for him as he dared 

Cajal saw strange thmgs at San Isidro— thmgs he was never 
afterward to forget the wdd merrymaking of Afncan Negroes 
brought over to Cuba on slave ships, dances half-naked under a 
brazen sun to the beating of tom-toms, the shrill chantmg of weird 
jimgle songs They would dance for nme or ten hours at a stretch 
in a sort of intoxicated frenzy Far different were the harp con- 
certs of the stroUmg Itahan vagrants, simple souls who had been 
seized while drunk m taverns m Spam and shipped out to Cuba 
as soldiers in the Spanish army One such Itahan came to Cajal’s 
hospital stncken ■with dropsy, jaundice, and malana lU though 
he was, he kept constant watch over his harp to be sure it ■w'as not 
stolen from him When he had partly recovered, he would sit m 
the moonlight, a pathetic, grotesque figure, leanmg agamst the 
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truni of a tree and playing, for tlie pleasure of the other pauents 
and for the pennies tliey would tlitow him, anas of Rossini and 
Donizem and wnstful ballads of his native Savoy. 

Cajal spent su. or seven months at San Isidro, trying to do his 
work while almost at death’s door His malaria ivas shortly com- 
plicated hy dropsy Dr Grau, to whom he had now applied for 
a transfer, had to all purposes abandoned him, telling him to hold 
on as long as he could until someone could be found to tahe his 
place As time went on, Cajal saw diere was no hope of help from 
that source So he decided to ask for an honorable discharge be- 
cause of ill health He sent in his request to tlie Captain-General 
through the health authonties of Puerto Principe But, as he later 
learned. Dr Grau did not send on bis peotion to tlic final author- 
ity hut left him to drag out his existence at San Isidro as long as 
his body would stand it 


RELEASE AT LAST 

Cajal owed his hfe to a chance occurrence At last the military 
roads were bemg suspected to be the plague spots they were, and 
the authonties decided to investigate them and also to make a sur- 
vey of conditions at the outpost forts and mfirmanes A certain 
hngadier who came to San Isidro on this mission took on himself 
the responsibility of seeing that Cajal’s request for discharge was 
forwarded to the proper person Presently the Bagd military road 
was abandoned, and all the patients formerly under Cajal’s care 
(with Caja] among them now) were sent to the hospital at San 
Miguel This was another wretched buildmg assigned to sick 
ofiBcers and directed with the usual mefficiencj' Conditions were 
so bad there that one hot-tempered ofBcer in a bed near Cajal, 
maddened with thirst and getting no response from the over- 
worked sister of chanty, began using his revolver to summon her 
'-^ajal got out of his own bed and attended to him 
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At length he was well enough to take the tnp to Puerto Principe 
His petition had finally gone through hut he had to undergo a 
physical examination before getting his honorable discharge His 
illness was diagnosed as acute malana, and preliminary orders for 
his release were issued under date of May 1 5, 1 875 He set out for 
Havana, where he was to get his pay, his passport, and steamer pas- 
sage to Spam Several months of back pay were due and there was 
every hkehhood that he would have to spend as many months m 
trying to collect it He had anticipated such a situation and had 
wntten to his father to ask him for money Don Justo quickly sent 
some on to him Fortified by it, Cajal put up a fight to get his pay 
and finally succeeded, deducting from it the 40 per cent commis- 
sion demanded by the mmor official who had helped him The 
remamder was enough to clear up some small debts he had been 
forced to run up and to pay for his passage, with a bit left over At 
last he boarded the steamer for Spam, his once robust health un- 
dermmed and his ideahsm badly shattered by this Cuban adven- 
ture 

Besides rehevmg the misery of many victims of this mismanaged 
campaign, he did reduce the corruption of one outpost station to 
a mmimum before leavmg it forever He took home with him the 
shreds of his disenchantment about the glamour of war and a 
bitter realization of the low estate to which patnotism and common 
decency had fallen among certam groups of his countrymen 



5 . ^Poor Ramon Ib Lost for Good ” 


Who can find a virtuous woman} For her price is 
far above rubies The heart of her husband doth 
safely trust in her, so that he shall have no need of 
spoil She -will do him good and not evil all the days 
of her life Her children arise up, and call her 
blessed, her husband also, and he praiseth her Many 
daughters have done virtuously, but thou excellest 
them all 

— PROVERBS OP SOLOMON, 31 IO-29 


Embarked at last for Spam, Santiago settled down to the 
task of getting well At the last minute before starting on the home- 
ward journey he had been stncken with a new attack of dysentery 
and was filled with despair at the prospect of being left behind in 
Havana He had rallied just in time to be spared this ultimate 
misery The sea air and the thought that he would soon be with 
his family and fnends did much to hasten his recovery By the time 
the Espaha reached Santander, he was practically a new man, with 
a ravenous appetite, and strong enough to enjoy the life on ship- 
board as much, or nearly so, as he had on the way out 
He had some amusing adventures on the tnp and was witness 
to robust roguenes in the old Spanish picaresque tradition, for he 
shared his stateroom with a professional gambler This man was 
one of a group of “sharpers” who spent their lives commuting be- 
tween Spain and Cuba, doing a thnvmg business on the return 
tnp emptymg the pockets of Spaniards who had grown nch in 
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Amenca and were now conung tack to dazzle the folks at home 
Some of them lost m a few hours the money earned by years of 
tod, savmgs squeezed from the ngid economies they had practiced 
while making their way in the New World One fellow who had 
gambled away more than $15,000 had to have his fnends pay his 
boat fare on the small vessel that took him ashore when he reached 
Spam 

The steamer arrived at Santander on June 16, 1875 Cajal was 
enchanted hy the heauty of this seaside town, which he found m 
many ways remmiscent of the luxunance and the exotic charm 
of Cuba, and he explored it thoroughly On his way to Madnd he 
stopped over at Burgos to see the cathedral After a few days’ rest 
m Madnd, stiU yellow and thm but feelmg better than he had m 
months, he went on to Zaragoza, his heart burstmg with happi- 
ness Once at home, his health improved steaddy m the good air 
and under his mother’s lovmg care 

LOST LOVE 

One of the first thmgs he did upon retummg home was to go to 
see a sweetheart he had m Zaragoza, an orphan girl whose letters 
had brought him a measure of sad comfort durmg the attntion 
of the Cuban days She received him Icmdly but without the en- 
thusiasm he had expected after their loving correspondence He 
did not Imow what to make of it It was true that as a result of 
his adventure m Cuba he had lost, for a time, both his health and 
his career Though a physiaan he had no patients and, at the 
moment, had not strength enough to perform the rigorous duties 
that usually fall to the lot of the poor country doctor He had yet 
to try to thmk his way out of the economic ddemma m which he 
now found himself He certamly was no great catch— was that the 
reason for her coldness? Had she another suitor, perhaps? Or was 
she really still m love but felt herself constramed by convention 
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to keep her afFecbon hidden until he was in a position to make a 
defimte offerl' He deaded he could not bear the uncertamty 
Words can deceive but expressions do not, he told himself on 
thinkmg the whole matter over, and he settled on a nsky expen- 
ment by which he was sure he would find out the truth He 
would loss her unexpectedly and see how she reacted' He was 
well aware of the himtations of the timid kiss on the cheek, but 
It was all he dared consider at this pomt (never yet havmg kissed 
a woman though he was now twenty-four years old) and he could 
thmk of no better catalyst to love that he felt himself capable of 
Inexpenenced as he was, and knowong the extreme modesty of 
his novui, he was fiUed •with imsgi'vmgs Still it had to be One 
evenmg after a droopmg conversation that had been pamful for 
them both even to try to keep up— they seemed now to have 
nothmg to say to each other— he took leave of her for the mght 
Summonmg all his courage before he turned to go, he kissed her 
brusquely on the cheek Amazed and mdignant, she drew her 
head back with a cry, and— what was more reveahng to Santiago 
—with an expression of mtense repugnance in her eyes 

I never expected you to offend me so'” she exclaimed ‘Tou 
know I do not allow such sinful hberties Do you take me for the 
sort of girl you rmght pick up m a caf6?” 

Santiago was overwhelmed •with shame He mumbled an apol- 
ogy and fled But his test had been successful It told him what 
he had to know to this girl he seemed nothmg but a poor m- 
vahd, and an lU-mannered one besides She did not love him, 
perhaps she never had A girl who was well brought up and dis- 
creet but m love would have foimd kmder, more mdulgent words 
With which to reproach the impetuosity of a lover But as he was 
to leam afterward, the girl had been appalled by the change m 
him smce his return from Cuba, and the prospect of bemg left a 
■Widow— for she was sure he was on the bnnk of the grave— did not 
have much allure for her So Cuba had robbed him of this youthful 
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love, too, for whatever it might have been worth It became a sort 
of sacrifice on the altar of his boyish recklessness 


CARVING A CAREER 

Santiago’s was a nature too deep and too mtense not to suffer 
from a blow like this one It embittered him a htde about be- 
trothals Decidedly, he felt, they were not for him But the eco- 
nomic problem he faced at the moment was pressmg and could 
not be pushed aside even m such an emotional crisis as this He 
had to draw up a plan for his future and embark upon it, and at 
once So he followed his father’s advice and went back to his 
study of anatomy and histology at Zaragoza m order to prepare 
himself for the competitive exammadons regularly held m Spam 
for professorships m the vanous universities 

Fortune had not altogether forsaken him While he was pur- 
siung this course he was appomted temporary assistant m anatomy, 
with a salary of i,ooo pesetas (less than $200) a year Two years 
later, he became temporary auxiliary professor, an openmg that 
arose because the Faculty of Medicine of the University of Zara- 
goza was being reorganized and the duties imposed on all the 
teachmg staff were unusually heavy From the mcreased salary 
that came to him as a result of this appointment and the money he 
earned from pnvate tutormg, he became partly mdependent of his 
father 

His hopes and aspirations now ran high, his health improved, it 
looked as if, in spite of his shy and retinng nature, hfe might hold 
somethmg of brilhance for him after all 

I aspired to be somethmg, to emerge from the plane of mediocnty, 
and to collaborate, if my powers permitted, in the great work of saen- 
tific mvestigation that I hoped might bring some measure of glory to 
my sad country Resolute m this patriotic desire— which all my col- 
leagues considered pure insamty if not pompous pretentiousness— I 
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worl^ed to obtain the modest living and the uninterrupted leisure in- 
dispensable to die projects I bad at heart For me the means to this end 
were to be found in the honorable gown of the schoolmaster 

With Santiago in this humble role, tlie year 1876 and the first 
months of 1877 passed uneventfully He substituted for his father 
at the hospital when need arose, in addition to continuing his 
studies and his teaching He was not particularly eager to take the 
doctor’s degree, but his father kept at him until he completed his 
preparation Santiago realized too late that it would have been 
wise if he had done his work m the history of medicine, chemical 
analysis, and pathological histology at the University of Madnd 
This would have made it possible for him to meet the leaders in 
these fields m Spain, men who would later be his judges in com- 
petitive exammations for positions and even now in the final oral 
exammation for the doctorate But, mstead, he earned on his study 
at home m Zaragoza, following the prospectuses of the courses at 
Madnd as well as he could He had to manage the history of medi- 
cme and pathological histology alone, smee there was no one in 
Zaragoza capable of mstnictmg him m these He did have a tutor 
m chemical analysis— a capable pharmacist, Don Ram6n Rios, 
head of a factory of chemical products 

^ When m June, 1877, Santiago amved m Madnd to take the 
examinations for which he had been preparmg, he found that 
much of his time and effort had been wasted From tallung with 
candidates more closely m touch ivith the way thmgs were done 
m the capital, he learned that only the simplest questions would 
he asked m the field of chemical analysis, such questions as the 
composition of milk, unne, and blood, which any well-qualified 
student would know even without makmg an mtensive study of 
the subject. (Chemical analysis, mcident^y, -was held m some 
contempt by the leadmg professors of the day ) Similarly, Cajal 
had learned a great deal more than he needed to m the history of 
medicme Instead of basmg the questions in this branch of medical 
knowledge on the French text that was ordmanly regarded as the 
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classic in the field, the professor who made up the exammation 
would base them on a simple booldet unknown to Santiago but 
well known to the students of the University of Madnd Only the 
professor of histology gave his course as it was announced in the 
catalogue, basing it on the standard textbooks generally recogmzed 
as the outstandmg ones to be consulted 

Faced with this situation, Santiago spent four hectic days before 
the exammabons officially opened m an effort to cram mto his head 
as much as he could of the speaal mformation knovra to the 
mibated m the capital— Dr Rioz’ lyncal descnpuons in chemical 
analysis, and Dr Santero’s treatise on the history of medicine, a 
textpresentmg a highly partisan, vitahsbc mterpretaUon of events 
As a result of the torture through which he put himself in his 
■eleventh-hour skirmish to make his thinking conform with the 
teachmg of Madnd, he managed somehow to say the approved 
ihmgs 


CAJAL DISCOVERS THE MICROSCOPE 

The ORDEAL had one favorable outcome besides givmg him the 
degree he sought Some professors m Madrid showed him some 
fine microscopic preparations, and he became fascmated with 
microscopy, resolvmg to set up a tiny microscopic laboratory as 
soon as he returned to Zaragoza This was not easy for him to do 
In spite of all his brilliant work m histology, he had never up to 
this time seen microscopic preparations made and had never been 
taught how to carry out the simplest procedures And there was no 
one in Zaragoza to teach him Moreover, the Faculty of Medicme 
of the University of Zaragoza almost totally lacked the necessary 
equipment for such an undertaking He did manage to find in the 
physiology laboratory an ancient microscope in fairly good condi- 
tion, and It was through this venerable instrument that he first 
beheld the amazing spectacle of the circulation of the blood 
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He found an old attic that would serve as the setting for his 
laboratory and stocked it with a few of the standard reagents But 
how was he to get a really good microscope? There was not enough 
left of his pay from the Cuban expedition to warrant such a finan- 
aal plunge All of a sudden one day he remembered seeing in 
Madnd m the Calle de Le6n the shop of a Don Franasco Chenel, 
dealer in medical mstruments, from whom one could buy a good 
microscope on the mstallment plan So he wrote at once to Don 
Franasco and arranged to pay the sum of $140 in four equal 
mstalhnents This covered the cost of the Venck instrument then 
m vogue, with its accessones Cajal’s was the first good microscope 
at the University of Zaragoza Later he would buy additional 
equipment, and eventually he contrived to make his attic labora- 
tory a fairly workmanhke place The cost of the new equipment 
came from his meager current salary, but for the laboratory itself 
and the small medical hbrary he buJt up he used what was left 
of his Cuban money So, he says wryly, his malana was a blessmg 
turned mside out If he had not been lU m Cuba, he would have 
spent his money there mstead of savmg it and his saentific educa- 
tion would have gone to the dogs 

Naturally during my honeymoon vwth the nucroscope [he says] I 
did nothing but satisfy my cunosity I had no method but exammed 
everythmg superfiaaUy A marvelous field of exploration opened up 
before me, full of thnlhng expenences A fascmated spectator, I ex- 
amined the red blood corpuscles, the cells of the skin, the muscle fibers, 
the nerve fibers, pausmg here and there to draw or photograph the 
more mtnguing scenes in the life of the mfimtely small 

One big Item of expense was subscnbing to the necessary scien- 
tific penodicals Cajal did not then read German, in which the 
best articles on histology were written, so for lack of knowmg that 
language he had to content himself with a French review He read 
m French translation the works of aU the great German investi- 
gators He subscnbed, too, to the Enghsh Quarterly Journal of 
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Microscopical Science More fully aware now of the problems still 
unsolved, be plunged into tbe sobtary mvestigations that were soon 
to lead bun far beyond tbe confines of his garret workroom 

His chosen field, histology,^ the study of tbe mmute structure of 
anunal tissue, was one to which the Spam of bis day was fngidly 
indifferent when not openly hostile His gmde through this laby- 
nnth was the Spanish translation of the great Ranvier’s ^ treatise 
on histological technique With it ever beside him to mspire and 
direct his mvestigations, Cajal wrote and pubhshed m 1880 the 
results of his first ongmal research— two htde pamphlets illus- 
trated by lithographs he had engraved himself (He had no money 
to pay an artist ) To make suitable pictures to accompany his 
articles, he invented a new process of reproduction and was prob- 
ably the first m Spam to apply the art of photography to htho- 
graphic prmtmg 

These two pubhcations, though of no great significance so far 
as their ultimate conclusions are concerned— Cajal was to modify 
his opmions progressively as his mvestigations contained— never- 
theless did offer several minor contnbutions to histological knowl- 
edge The first paper was a study of mflammations, the second con- 
cerned the terminal endmgs of nerves m muscles In this second 
paper, he differentiated four vaneties m the termmal branchmgs 

^ Histology (htstos, tissue, logui, the study of) The term "tissue,” 
which means "weave” or "texture,” came mto use in anatomy as a result 
of the work of the young French anatomist Bichat (1771-1802,) V\%ile 
dissectmg human bodies, he was struck by the vanous layers and structures 
he saw upon gross examination, which he obsened were of different weaves 
and textures Bichat made the first classificabon of tissues and m this sense 
was the first histologist Though when the tissues of the body were later 
studied under the microscope, his classification was abandoned, his idea 
that the body is bmlt up of layers of different composition is still vahd, the 
microscope merely made it possible to classify these more accurately His- 
tolog)' IS concerned not only with the structure and nature of the tissues, 
but also with the way they are arranged to form organs such as the kidney 
or the hver 

2 Louis Antome Ranvier (1835-1922) French pathologist, professor at 
the College de France 
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of the motor nen^es and made valuable improvements m the 
mediod then used for staining delicate nerve fibers so diat they 
would stand out sharply when viewed under the microscope 

Through die years die science of histology has developed many 
ways of treating tissue widi chemicals so that the particular struc- 
tures to be observed are clearly visible when the specimens are 
examined microscopically The ideal of histological technique 
would he to prepare the sections in such a way that the tissue 
would differ as htde as possible from tissue m the living state while 
still m the body, yet it must be differentiated enough to make the 
cells to be studied easily distinguishable from the surrounding ma- 
tenal Certain chemicals, when applied to fresh tissue, have such 
a selective action, colonng some cells and not others Some stains 
vail color only the nuclei of the cells, for example, others will color 
one type of cell but not other types, and so on The perfect proce- 
dure has not yet been found, one method is better for one purpose, 
another for another, and there is much disagreement even today 
as to which is best for what, and new methods are frequently bemg 
devised 

Cajal’s mnovation consisted m tonmg the nerve fibers with gold 
chlonde before impregnating them with the commonly used silver 
nitrate He also discovered at this penod how much more satisfac- 
tory ammoniacal silver nitrate is when applied to certam nerve 
fibers than sdver nitrate that has not been previously treated with 
ammonia In doing this he foreshadowed, unawares, the work that 
was to occupy him for a lifetime 

His small discovenes went unnoticed by the scientific world— 
mevitably, smee his papers were wntten in Spanish, a language 
almost unknown outside his native coimtry and Latin Amenca 
Besides, he could afford to pubhsh only timid editions of one hun- 
dred copies, most of which were given to fnends who had no 
special interest m the field Even so, some of his colleagues ex- 
pressed the opmion that he was presumptuous m setting himself 
up as an mvestigator and m darmg to criticize the leaders m his- 
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tology m the world outside, even implicitly by checkmg their con- 
clusions with his own observations "Who is Cajal that he should 
question the foreign saentists^” they asked, in the tacit conviction 
that nothmg good could come out of Spam 

Far from being discouraged by this lack of recognition, Cajal 
felt his first attempts to be rewardmg They taught him technique, 
they taught him to know himself, vwth all his strengths and weak- 
nesses as a researcher, and they taught him to imderstand the 
psychology of his fellow scientists— three highly important lessons 

In his later years he admitted that there was a certam amount 
of arrogance and presumption m his youthful enterpnses, but he 
concludes his apology with a truth that a life nch in expenence 
had taught him without a certam lack of modesty nobody accom- 
phshes anythmg important Though m these years of his novitiate 
he did not feel himself to be especially brilliant, he did recognize 
m himself the humbler qualities called for by the task at hand 
imendmg patience that was almost a kmd of obstinacy m his de- 
termmation to master histological technique, dextenty and skill, 
mgenmty m devismg simple equipment and devices to replace the 
expensive ones he could not afFord, tireless persistence, enthusiasm, 
mtense interest, and an open-mmdedness that enabled him to dis- 
card a chenshed notion when it did not fit the observed facts He 
soon found that work which his colleagues thought a bore had for 
him a perennial fascination He once spent twenty hours continu- 
ously at his microscope, enthralled at watching the slow progress 
of a white corpuscle m its labonous effort to escape from a capillary 

How did his researches, though largely depnvmg him of social 
• intercourse with his fellows, teach him to know so intimately the 
workmgs of the mmds of other scientists m his field? This is how 
he explams it 

Nothing enables one to penetrate more deeply mto the mmds of 
other mvestigators than cntically to compare their personal mterpreta- 
tions with the actual facts, followmg from close at hand the plan of 
action and the steps they followed to overcome the obstacles and snares 
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h>h rl r vithrut mi ith mi^i;r<tthri linn tint of limin' pic]nic.(l 
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tlieie ”nps m hn knowledge So he wai forced, loniewlini ruefully, 
to n funhir uutln\ of niontt with which to luincnhe to other nii- 
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scientists were published, a maga/anc illustrated with colored 
hthograplis and edited by the noted anatomist. Waldcycr^ of Bcr- 
^ Wilhelm ton Wildcjtr (1836 1921) German anatomist 
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Im He also purchased the monumental monographs of the French 
pathologist Ranvier 

Fmdmg rmcroscopic mvestigation so exatmg and so easy, he 
marveled that the professors of his tune did not resort to it more 
often Far from doing so, they even held the nucroscope m con- 
tempt, conceivmg it as somehoiv detrimental to biological progress 
Some of the more reactionary even declared the descnpbons of 
cells and of other structures made by the nucroscopists to be pure 
fancy, “star-gazmg ” One Madrid professor, enlargmg on this idea, 
called rmcroscopic anatomy ‘'celesUal” anatomy— a densive term 
that stuck, epitomizing the popular mdictment of all microscopic 
study and reflecting the attitude of many learned men of the time 
Even those more radcal professors who dd make use of the micro- 
scope and had respect for its revelations often lacked the cunosity 
and the dhgence to check personally the findmgs descnhed by the 
speaahsts m the field 

The Swiss histologist Kolhker ^ used to tell an anecdote pointing 
up the indifference ivith which even the more progressive scholars 
regarded the microscope In a letter to his family included in his 
autobiography, Ennnemngen aus meinem Lehen, m descnhmg 
a new museum of natural saences, he "wrote 

I must tell you a story about the director, Graelis In his laboratory 
there is a splendid French microscope, and when I asked him if he had 
investigated anythmg with it, he said that he had not yet had a chance 
to apply It to his saenufic work because he ddn’t understand how to 
work It He asked me to show him how So I showed him the corpuscles 
of the human blood and the striated muscle fibers He watched the 
“show” with childish delight and thanked me most profusely 

In his own autobiography Cajal observes regretfully that if Kol- 
hker had wsited the medical colleges of Spam twenty years after 

■‘Albrecht von Kolhker Ci 8 17-1905) Embryologist and histologist, 
professor of anatomy at Wurzburg His work on histology was the first 
formal treatise on the subject 
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thing md pricticilK foiccd him to tol.e the te,";!"; without more 
•'do 1 le did well in hutologv nnd nmtonn (')•: wt; to l>c cvpccied) 
hut djov td gn\e difictcnCKv in other rtvpect";, cvpecnlly in the 
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nndowlwird mdhnvtr) hone<t) nnd hch of pompo';it) worhed 
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The 5 (iar 1 878 was to plunge him c\ cn deeper into a more per- 
mnal gnef One afternoon while he was playing chess in the gar- 
den of the Cafd de la Iberia with a fnend, Don Francisco Ledesma, 
a gifted law)cr, Cajal suddenly had a hemorrhage He covered it 
up as w ell as he could and finished the game, and while he was on 
Ills way home the bleeding stopped abruptly He said nothing 
about It to his family, ate as little supper as he could without caus- 
ing comment, and went to bed Soon he had anotlier hemorrhage— 
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a temble one this time, the hlood foammg up on his mouth and 
almost chokmg him He called his father Don Justo, though he 
tned to hide it, was thoroughly alarmed The old malana had never 
really left Santiago, and for months he had been pale and thin A 
doctor cannot very well deceive himself about his own condition 
and Cajal was always one to face facts squarely He loiew very 
well how often tuberculosis follows an attack of malana such as he 
had expenenced m the tropics Besides, his symptoms left no 
room for doubt— the high fever, the breathlessness, the hackmg 
cough, the copious perspiration He sank mto a depth of melan- 
choly that he had never reached even m the worst days m Cuba 
He was already depressed by his failure in Madnd and this sud- 
den catastrophe was too much for him to bear The thought that 
his career was now over contnbuted a great deal to his gloom This 
was the end then, of his hope that, somehow or other, humble 
doctor though he was, he would add somethmg to the hentage of 
Spam He felt that he had wasted the bnef youth that was all he 
would have of life, wasted it on such tnviahties as the romantic 
mouthmgs of Chateaubnand, Lamartine, Victor Hugo He re- 
gretted the hours he had spent m pormg over them, hours he now 
longed to give to endunng work 

Two months later, though he was at last able to get up and walk 
about, his oudook was no more cheerful He thought to himself 
gnmly, “This is only a repneve New attacks wdl come and then 
death ” Rehgion imght now have comforted him, but his study of 
philosophy had long ago deprived him of that solace Two tenets 
had been salvaged the behef that man has immortahty of a sort 
and that a supreme power rules the universe But he could not see 
love for man m such a power, and his proud spint could not bend 
Itself to accept a fate so unjust and so wasteful 

In these hours of idleness he reflected often on the meanmg of 
hfe and death It seemed fittmg enough that the old should die 
with resignation and even serenity, they had lived their hves, made 

[90] 



"Poor RaviSn Is Lost for Good" 


their contnhution, perhaps found their moment of fulfillment 
Happy memones might sustam such a man to the end no matter 
what pain his agmg body might inflict upon him, as they had sus- 
tained the Greek philosopher Epicurus, who spent his last days m 
tranqmllity though a kidney stone was slowly eatmg away his life 
But what had Ca]al to console him— memones of the hooks he had 
not %TOtten, of the discovenes he had not made? In angiush, he 
considered the uselessness of all his hfe, the futility of the exist- 
ence he was now dragging himself through day after day 

Don Justo was of tougher fiber He believed his son could be 
cured As soon as summer came, he sent him with his sister Paula 
to the baths at Panticosa to he m the sun and dnnk the waters 
There at picturesque San Juan de la Pena, with its moldermg con- 
vent, now the home of shepherds, and its dark forest, Cajal’s de- 
spair lifted a htde, though at times he fell back into the abyss 
agam He had thoughts of suicide, imagmmg himself leaping to 
his death from one of the shmmg mountam-tops He would gaze 
for hours mto the blue-black sky at night, absorbed m the thought 
that soon his soul would be wmgmg through that depth of space 
One afternoon he actually scaled a cliff with the mtention of 
dymg there Longmg for death even while he rebelled agamst it, 
or believmg that he longed for it, he did reckless things contrary 
to the doctor’s orders And he grew better and better on this per- 
verse routme' He was convmced, as a result of this expenence, 
that one does not die just because he has made up his imnd to it 
His improvement was so obvious that ultimately he too came to 
beheve m it, and the realization struck him qmte suddenly that 
he was gomg to live after aU 

The courage of the other tubercular patients had helped hun 
too, their unquenchable hope was contagious Most of those who 
were able to walk about refused to acknowledge their disease at all, 
and even those who were bedridden were sure they would get well 
(But then, they were not doctorsO One mcident dlustratmg this 
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stutbom optimism remamed m Cajal’s memory long after He met 
here at San Juan de la Pena a young girl whom he had known 
when he was a soldier m Cataluna— once he had been biUeted m 
her home He was shocked by the ravages the disease had made 
m her lovely face One day he asked her how she was 

‘'Oh, fine* There's nothmg the matter with me I have come 
here only to be with my father, who has a troublesome catarrh 
I am planning to get mamed m a few months ” In a few months 
she was dead 

Cajal grew tired of the monotonous routme of hfe at San Juan 
and decided that henceforth he would pay no attention to it or to 
his illness He put this determination mto action at once, stopped 
drmkmg the waters, stopped taking his medicmes, forgot all about 
diet and rest He hved a perfecdy normal hfe, ignonng the pro- 
tests of lungs and heart He threw himself into drawing, photog- 
raphy, hiking, and conversation, going at them as vigorously as if 
he knew he had a long lifetime to devote to them The beauty of 
the place, the serenity of the hfe, the nch milk and good meat, the 
long walks through the forest, the absorbing mterests— all worked 
together He recovered, and his sister Paula, who had proved to be 
a perfect nurse and tender compamon, had the ]oy of takmg him 
home almost well agam 

Cajal himself attnbuted his cure largely to his enthusiasm for 
photography It had given him an outlet for the artistic impulses, 
always so strong m him, which had been smothered by his choice 
of anatomy and medicme as vocation Though photography was 
stdl comparatively new, it had long fascmated him, and now it 
led him to get exercise by taking -walks with a special object m 
•view— finding mteresting scenes and -wJdhfe to photograph It 
taxed aU his mventive skiU and his dextenty And the zest it added 
to days that might otherwise have been spent m boredom made 
the later weeks of his exile a penod he was to look back on with 
actual pleasure m after years 
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rAiLunn and success 

On ms KETURN to Znragoza, Cajal had gone back to his work m 
tlie dissecting room and to his researches Since he was eager to 
depict tire results of his discoveries in anatomy, he now set about 
learning how to make ultrarapid gclatm-bromide plates (These 
A\ere very expensive, tlie process being hardly known in Spam, 
and he could not afTord the pnccs charged by professionals ) He 
studied the directions in a hook and quickly hit on the right way 
to go about It, even improving on the formula as he gamed practice 
To do tins, he spent long evenings in an old ham pouring his sen- 
sitive solutions from one container to another, to the bewilder- 
ment of cunous neighbors pcenng in through the window at his 
gaunt figure silhouetted against the red glow of a lantern, and 
probably suspecting him of being a modem Doctor Faustus traf- 
ficking in black magic and in league with the Devil 
In the followang year, 1 879, he prepared to take the competi- 
tive examinations for a position then open in Granada Knowmg 
the points in which he was weak, he made an effort to correct 
them He steeped himself in the works of Ranvier, celebrated pro- 
fessor of the College de France Learning to translate scientific 
German, he read the outstanding German works on anatomy He 
found out all about the theones of evolution recently advanced by 
Darvwn, Haeckel,'^ and Huxley He delved into embryology and 
even managed to acquire some of the elegance of expression that, 
in others, had so impressed the judges the year before He was 
confident that he would succeed this time and was eager to show 
what he had accomplished One day a fnend, dashing icy water 
on this buoyancy, said to him bluntly 1 

"Don’t go up for the exammations You’re not ready yet ’’ ' 

Ernst Heinnch Haeckel (1834-1919) German naturalist Author oE 
the theory that an orgaiusm, in developing Erom the ovum, goes through 
the same changes as did the speaes in developing Erom the lower to the 
higher Eorms of ammal liEe 
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“But why?” 

“Your tune hasn’t come yet Wait until later and you will suc- 
ceed well enough ” 

“But 

“Well, rU tell you why The professor who arranged the medi- 
cal Junes has taken it upon himself to see that Aramendia gets 
the professorship ” 

“But Aramendia’s field is pathology, not anatomy ” 

“Just the same he’ll be chosen There is no chance of a vacancy 
m pathology for several years His backers want him to get m 
somehow, and since the openmg is m anatomy, they’ll get him m 
through that door Come, be reasonable If you go up, you will 
only make enemies of the very people you wiU need to count on 
as your fnends m the future ” 

“Thanks, but I have to go My father wiU be funous if I don’t ” 
On the day he went up for his “oral,” Santiago found he had 
one implacable rival, a bnlhant student, Don Fedenco Olonz, 
later to become a professor m the Faculty of Medicme of the Uni- 
versity of Madnd Ol6nz seemed to regard Cajal as his only real 
competitor, and when Santiago told him that Aramendia was the 
chosen one, he laughed scornfully 

“Why, he’s only a bnght boy, totally mexpenenced m dis- 
section'” 

“Just you wait and see This bnght, mexpenenced boy wiU be 
professor of anatomy at Granada and you’ll be his assistant there 
or somethmg equally dreary somewhere else ” 

“You’re crazy'” 

But Santiago’s prediction— based on the one his fnend had 
made to him— was to matenalize directly Ol6nz won third place, 
Cajal was chosen second, Aramendia got the position in Granada 
Cajal and Ol6nz chafed at the mjustice of it. Not that Aramendia 
was incompetent, he was a capable man, and had he wanted to, he 
could have become a notable professor of anatomy But he had not 
yet had the preparation the other candidates showed so clearly, 
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and temperamentally he was more fitted to practice surgery than 
to teach anatomy As soon as he could, he transferred from the 
chair of anatomy at Granada to that of patholog)' at Zaragoza, later 
nsing to die chair of clinical pathology at San Carlos in Madnd 
But Cajal had failed again 

A bit later in die same year, as die result of another set of com- 
petitive examinations, Cajal became Director of Anatomical Mu- 
seums in die Faculty of Medicine of Zaragoza His nval this bme 
was an earnest young man from Valencia, for whom the judges 
from Cajal’s university voted unanimously, while the three pro- 
fessors from other universities voted for Santiago Honor m one’s 
own countT)'' The kindness and upnghtness of diese diree judges, 
who did not yet even know him, determined the course of Cajal’s 
career If they had been influenced in their judgment by die 
cawhngs of his colleagues, he might have had to become a pracbc- 
mg physician mstead of a researcher, tor his fadier, disappointed 
by his latest failure, was ready to wash his hands of him And since, 
even now, Santiago was not entirely independent of his father 
financially, Don Justo might have had his way Doubdess his son 
would still have tned to carr)' on his nucroscopic investigations as 
a hobby, but there is htde time for hobbies in die life of a general 
practitioner iwth no money 


MARRIAGE 

Emboldened by gettmg this position and the modest secunty it 
offered, Santiago decided to marry His fadier protested loudly, 
predicted all sorts of misfortunes But this was a love match and 
his son was not to be held back Cajal’s account of his courtship m 
1879 and his mamage the foUowmg year is revealmg, though 
regrettably bnef 

I became acquamted with my future wife in the followmg way As I 
was retummg from a walk through Torrero one afternoon, I met a 
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young woman of modest manner, accompamed by her mother Her 
rosy, simlmg face was like that of Raphael’s madonnas, or even more 
like a certam German prmt of Marguente m Faust, which I had much 
admired I was attracted, no doubt, by the sweetness and gendeness 
of her features, the slender beauty of her figure, her great green eyes 
framed with long lashes, and the luxuriance of her fair hair But I was 
charmed most of all by her air of childhke innocence and the wistful- 
ness which emanated from her whole person I followed the exquisite 
unknown to her home I learned that she had lost her father, a mmor 
ofl&ce-holder, and that she was a good, modest, mdustnous gul I be- 
came her smtor Some time later, the advice of my family bemg power- 
less to dissuade me, I mamed— not vsathout studymg thoroughly the 
psychology of my fianc^ which turned out to be, as I had hoped, the 
complement of my own 

To my cromes m clubs and cafds my deasion seemed sheer madness 
Loolong at It from the finanaal standpomt, it is true it could have led 
to rum Courage was certainly needed to set up a household when my 
entue mcome was twenty-five dollars a month, with eight or ten more, 
at most, gleaned from tutormg m anatomy and histology Because of 
this, the weddmg was celebrated almost secredy, I did not wish to 
trouble relatives and fnends with an affau that concerned my wife 
and me alone 

I remember that a certam acquamtance, surprised at seemg me enter 
the ranks of the fathers of famihes with such confidence and mtrepid- 
ity, cned out “Poor Ram6n is lost for good' Goodbye to study, saence, 
and lofty ambitions ” 

The predictions of fnends and family were dire My father foretold 
my death presendy, my fnends gave me up as havmg faded for the 
last time 

In prmaple, my censors were nght Certainly it is true that m most 
mamages femmme vamty and the needs and cares of the home exact 
the entire mental capaaty of the husband to provide for them But one 
must take mto account the speaal conditions, the temperaments of the 
mdividuals concerned, then tendencies, and then deepest feelmgs 
Besides, mamage often works a sort of alchemy, changmg the physical 
and spintual personahties of the mamed pau As a result of these 
changes and of the umty of purpose and activity the two now have m 
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common, a new entity emerges capable of creating completely new and 
unsuspected mental and economic values 

Because they had not taken such factors into account, the prophe- 
aes of my fnends and family were entirely WTong Physically I im- 
proved so much that it was ohvious to all that I had not been so well 
since my return from Cuba My wife's devotion and tenderness spared 
no pains in establishing my health on a firm basis As for my abandon- 
mg study and lofty ambition— a few 5 ears later, when I already had two 
children, I published my first saendfic ardcles and won a professorship 
at Valenaa 

Life had taken on new color for Cajal His mamage in 1880 to 
Doha Silvena Fahands Garcia, despite the economic struggles that 
were to beset it for many years to come, was one of perfect har- 
mony It ennched his existence mcalculably, as he testifies in his 
warm, deeply sincere appreaadon of his wife 

It IS an essential condition for peace and harmony m mamed life 
that the wife should accept tviUingly her husband’s ideals and goals 
The happiness of the home and the noblest ambitions are lost when 
the vsife sets herself up as the spintual director of the family and organ- 
izes according to her owm ideas the activities and aspirations of her 
husband 

Far from diverting my slender mcome mto the vamties of dress, the 
theater, or domestic luxury my wife devoted her time and in- 
genuity to helping me pay for and continue my career There was no 
money then for fine clothes, plays, carnages, or summer hohdays, but 
there was enough for books, penodicals, and laboratory eqmpmenL 
In spite of a beauty which seemed to mvite her to shine and dis- 
play herself, she condemned herself joyfully to obscunty, remamed 
simple in her tastes and without other ambition than peaceful pleas- 
ures, good management in the runiung of her home, and the happmess 
of her husband and children That my choice had been a good one, 
considering my tendenaes and my character, my parents quickly rec- 
ognized, espeaally my mother, who became very fond of her daughter- 
m-law, ivith whom she had so many virtues m common and so many 
smulanties m taste and oudook 
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AN ERA OP PEACE 

During all these years since Cajal’s return from Cuba, his tur- 
bulent country had been enjoying a penod of comparative order 
and prospenty Alfonso had been only a boy when he ascended the 
throne m 1 875, but he soon showed promise of becommg a good 
lung He was moderate and merciful and did much to wm back 
respect for the Spanish royal house, which the reign of his mother 
Isabel had done so much to bnng mto lU repute His first task was 
to put an end to the Carhst war that broke out again upon his 
accession The recognition of Alfonso by Pope Pius IX did much 
to strengthen his cause with the clergy and the people and weak- 
ened Don Carlos’ chances of supplanting him Early in 1 876 Gen- 
eral Pnmo de Rivera captured the headquarters of the Carhst 
troops, and Don Carlos, m March, fled across the frontier mto 
France 

Spam was at peace at last A constitution modeled on that of 
Great Bntam was adopted. Spam thereby becommg a constitu- 
tional monarchy -with a bicameral legislative body But the people 
lacked the education m pohtical affairs that a wiser government 
would have sponsored They were not ready for such a constitu- 
tion The masses were illiterate, took no mterest m social, eco- 
normc, or pohtical issues, and shortly became the unconscious 
tools and the victims of the local bosses Under such conditions, 
a constitutional monarchy was bound to detenorate mto a dicta- 
torship, although dunng Alfonso’s reign the fiction of a true party 
system and free elections was kept up But the people cared litde 
They wanted only peace and Spam had not been so peaceful smce 
the death of Charles III a century before 

Salvador de Madanaga ® gives an mterpretive picture of Alfonso 

“ Salvador de Madanaga (bom 1886) Spanish author, educator, and 
diplomat 
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match, but it was an ill-starred one, for the wedding festivities 
were hardly over before Mercedes died of fever, leavmg the king 
so bowed with gnef that he never fully regained his mterest m hfe, 
and his health, never robust, began to fad The following year, for 
reasons of state he mamed Maria Cnstina of Austna, by whom he 
had two daughters Alfonso’s reign brought stabihty to Spam and 
budt up the prestige of the Bourbon house so firmly that it would 
he able to count on enough popular support to weather many 
severe cnses m the decades to follow His great sorrow was that he 
had no son to carry on his work 

Such was the state of aflFairs m Spam durmg the early years of 
Cajal’s marriage, and the relative tranquilhty of the penod made 
It possible for him to pursue his work with peace of mmd and with 
reasonable assurance that the longed-for opportunity to become a 
teacher m one of Spam’s great universities would be granted him 
m due tune and would not be blocked by social or pohtical up- 
heaval 


A PROFESSORSHIP AT LAST 

In 1883 the old bogey of the competitive examinations came up 
agam, and again Cajal had plunged mto the battle This time there 
were tw^o vacancies, one m the University of Madnd, the other m 
the University of Valencia Always modest, Cajal competed only 
for the Valencia openmg, while his former nval for the position m 
Granada, 016 n 2 , competed for both In the mtervenmg years there 
had been an exposure of the scandalous m3ustices often connected 
with appomtments to positions, such as that done Cajal and 016 nz 
in their competition for the chair at Granada To avoid a repetition 
of such blatant favontism, the Minister of Education this tune 
appointed a jury of exa min ers that was entirely beyond suspicion 
Its president declared that only that candidate who was chosen 
unanimously would he appomted, and that this apphed to both 
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6 . The JBewHchment of the 


The exfenmentcd attitude . substitutes detailed 
analysis for wholesale assertions, specific inquiries 
for temperamental convictions, small facts for opin- 
ions whose size is in precise ratio to their vagueness 
With the advance of the experimental method, 
the question has ceased to be which one of two rival 
daimants has a right to the field It has become a 
question of clearing up a confused subject matter by 
attacking it bit by bit I do not know a case where 
the final result was anything like victory for one or 
another among the pre-experimental notions All of 
them disappeared because they became increasingly 
irrelevant to the situation discovered, and with their 
detected irrelevance they became unmeaning and 
uninteresting * 

—JOHN DEWEY 


B Y the year 1 884 when Cajal, now thirty-two years old, trans- 
ferred to his new position at Valencia he had won the reputation 
of bemg a hard-working, earnest investigator Upon moving to 
Valencia in January, he and his family took temporary lodgings m 
a hotel on the Market Square near the old Sdk Exchange, one of 

^ The quotation above, from The New Republic, Feb 3, 1917, is used 
with the lund permission of the pubhsher 
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ilic li<;t rcnnming cxnniplo of Spini'^li nicc]ic\nl civic arcliiicc- 
lurc \\ lion jIkj lind .Miccccclctl in finding a suitable bouse and in 
Inning tbe new funuiurc ibc) needed for it, tbcj went to live m 
a simple dwelling in the Cille dc las Avcllnnas, where a few days 
later a seveand daughter, Paula, was bona Cajal was now' tbe father 
of three children llie two eldest were a girl and a hoy, F<5 and 
Santiago 

Cajal was charmed with Valencia and spent a few days before 
becoming immersed in lus worh in exploring the romantic old city 
I le \ isited the ancient cathedral and chmlicd its tower, the Miguc- 
Ictc 1 le filled fits eves with the deep green blue of the Mediter- 
ranean 1 le made excursions to the picturesque suburbs and die 
enchanting little towns near h\ 1 le wandered aliout the seaport, 
the jiopvilar promenade, and the rums of the Roman llicaier at 
Sagunto 

He soon made friends with lus colleagues at the university and 
found them to l>c an excellent group of men Tins is how one of 
diem desenhes him in the early days in Valencia 

In iS8^ a \oung professor who had just won b) compcUUvc exami- 
nation the chair of anatomv at the unwersitx, appeared among us It 
was Cajal I lis somewhat neglected person had a dr)', angular, rugged 
looh alxjut It If this made him seem a bit uncouth, it w'as at once 
redeemed b\ lus noble head I lis forehead was broad and w'as made 
soil broader by incipient baldness, by the slight depressions at his 
temples and lus fine, straight nose Tliesc gave him the stamp of intel- 
lect and distinction His black eves were remarkable too, their gaze 
dreams sshen deep thought seemed to draw them back into lus head, 
)ct keen and penetrating when focused upon something in rapt atten- 
tion In spite of lus blunt frankness and lus temperament, which 
was more inclined toward seriousness than laughter, he quickly 
adapted himself to the gay atmosphere of the city and he soon gained 
the respect of both faculty and students by lus learning He won my 
fnendship at once and shordy gas'e me his * 

* Bolctw, Academia Espanola, Madnd, Oct zi, 1934, pages 7-14 
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In order not to tecome too one-sided m his almost fanatical 
absorption in rmcroscopy, Cajal jomed a soaal club, the Casmo de 
la Agncultura, where he moved in a arcle of agreeable and distin- 
guished people He became an ardent chess player, his only “vice ” 
He jomed a saentific and literary society, too, and there met some 
of the outstandmg mtellectuals of Spam These were his sole ex- 
travagances, and he felt they were justified m that they saved him 
from the gauchene and mental lopsidedness that characterize so 
many scientists who devote their time and energies to specialization 
m such restncted fields as he now contemplated for himself 

His home was modest, for to him a balanced budget was a stnct 
necessity Without it, he reahzed, neither domestic peace is pos- 
sible, nor that tranquiUity of spint so indispensable to prolonged 
research without expectation of monetary returns His house had 
a large room well suited to become his new laboratory, and it was 
soon frill of activity A busy laboratory, he found out, is about as 
expensive as a rapidly growmg family— and he now had both, so he 
was well qualified to judge To supplement his professonal salary, 
he chose to do outside teaching rather than to resort to medical 
practice, which would leave him scant leisure for the research 
work now occupymg the center of his thoughts From the first he 
was very successful m his teachmg, and he soon organized a course 
m normal and pathological histology, that branch of biology which 
deals with the ongm, development, and mmute structure of am- 
mal tissue and its appearance m health and disease His lectures 
were attended by several physicians worlung for the doctorate and 
by others aheady in practice who wished to extend then knowl- 
edge, particularly in the new saence of bactenology, which was 
now rapidly wmnmg a place for itself as a result of the bnUiant 
work of Pasteur and Koch 

The additional mcome he earned in this way put his laboratory 
on a soimdly functionmg financial basis, and even enabled him to 
buy some new eqiupraent that he badly needed, such as an auto- 
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matic microtome, an instrument for cutting animal and vcgetaLle 
tissue into tliin slices for microscopic study (Its predecessor had 
been a common barber’s razor, with which the boy Santiago bad 
proved bis skill in bis apprentice days ) Because be was miserably 
poor,^ be used small animals, chiefly mice, for bis evpcnments and 
would put a dozen different specimens on a slide His choice of 
the mouse, one of the smallest mammals, made it possible for him 
to follow' tlirougb all die structures of the brain in a relatively 
small number of sections And because the nuclei of the cells were 
dose togedicr, be could see die ner\'e processes extending all the 
way to their destinations In diis manner be was able to obsewe the 
whole architecture of this mammal’s brain more eompletely than 
It bad e\ er been done before 

Though be w'as managing by extracurricular work and rigid 
economy to put bis home laboratory on a fairly efficient basis, his 
faabties for teaching anatomy at die university remained meager 
He pleaded wath the Minister of Education to make it financially 
possible for die unn ersity to get better equipment for its students, 
promising that if this w’ere done, be w'ould see to it diat dieir ongi- 
nal work in his department would win a place comparable ^vlth 
that held by the university laboratones of France and Germany 
"It is a disgrace,” be said, "diat among the many diousands of dis- 
covenes there is not one to w'hicb the name of a Spaniard is 
attached " 

A htde help w’as given, and Cajal kept his promise Within the 
next few years, a senes of articles on vanous aspects of brain anat- 
omy issuing from Valencia began to attract the attention of the 
medical world The new discovenes hinted at in these early pub- 
hcations were so different from the views generally held with ref- 
erence to the mtimate construction of the brain substance that 
they were largely discredited Perhaps remembenng this expen- 

^ His salaiy— fifty-two duros a month— amounted annually to a httle 
more than the eqmvalent of $500 
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ence and many like it that he met with m later years, Cajal would 
wnte in his Charlas de cafe (^Conversations at the Cafd) with a 
touch of bitterness ‘'To be nght before the nght time is heresy, 
sometimes to be paid for with martyrdom ” The more vigorous 
champions of the old concepts questioned the accuracy of his ob- 
servations, the more open-mmded were still to be convinced Yet 
m less than ten years Cajal’s discovenes would become an essential 
part of all histological knowledge of the nervous system 


THE CHOLEEA EPIDEMIC OF 1885 

Cajal’s sgientifig peogeess was suddenly interrupted m 1885 
by the cholera epidemic that raged that year in Valencia and later 
throughout all Spam Although Robert Koch had recently dis- 
covered the comma bacillus to be the cause of cholera, this knowl- 
edge had as yet been put to little use Microbiology was then only 
m Its birth throes but it was already sbmng up widespread mterest 
and enthusiasm Many of the older histologists were deserting their 
earlier specialty to devote their energies to the virgin temtory 
opened up by the study of pathogenic bactena and the ways by 
which these microscopic organisms cause infection, illness, and 
death in men and animals Cajal, too, was momentarily attracted 
to It 

For years afterward, the horror of the cholera epidemic re- 
mamed m his memory The hospitals were burstmg with victims, 
m Cajal’s own street there were several cholera deaths, though for- 
tunately his own farmly escaped unscathed There was bitter con- 
troversy among the doctors those loyal to the teachmgs of the old 
school held that the cause of the disease was the mist of the night 
air and admmistered laudanum, as advocated m the seventeenth 
century by the English physician Sydenham, ^ those of the new 

2 Thomas Sydenham (162.4-89) Celebrated Enghsh physician, some- 
times called "the Enghsh Hippocrates ” 

[ 106] 



f hr !lr\t (if i/ir ^viall 

}5'o ’.U Nn.tjT'r' ; "rn. TTi.i'rinu m!nl Ixnlin^ tin* 
w k* > 1(5 ! 1 i;h J'h ?lnj h'l! Jidi I'm} llmtotti'liK aniltd 

It V ' l\ i* !’i .».;})'• thr r MUipV j ici th n ( ,}jiK fniitilv 

iMj iinj'N J51 j’ltr (<{ tlir { i, t th U lus 1 llviritorv 

hil] cij’nrr < ! il > V; i )!) • rlTt-t} ;i(3 \\ hrn ilji cpi- 

<5c . ’i \ ‘ t jf I'r 'll? 1} f>n>;tl} thiKI. Inur, \\t Ixitn, on 
I;jK ; I'-'- 

\t }!' ; 'Ir 3 ri > 'r It 'l*r c,mj*f ;m !)j Iinmcuitc titViUiini. 
I'lr vh* *1 r J cn' f- prl t I tlir DI’lIii'Ic j i \ "H OlH '\flc r • t, \ i nl 
CM'' lllfr, ■ < ’} i UJ .r 1 j ! ' 15 }(^ <rvc; tl >11 v.lttth llrhld htroinlls 

v-dl".' 3 'r V ' n» }\ 1) crd th i; ht h id linJtkl 1 culture 

<d tlir c <- vI'hIi, v.Ik 1 uiicitrd u}!(' .} tint}. v.<nild iiuimtnt/e 
lu. 1 ^ 1 n t 'lie nsv if Ijt uid rji’rl lii^ lv)d\ tlttuui'l} hi*, 
riaudt n»C J;icdJ(^l J J< V ,< n hrUrdK tlrUucd tlti Mlhjtvl of 
tlirj'cv. } (OJvi ijtd it u d V ' di‘. 'iVd iiijo t\' nopjvi in5» C“iij}j)^ 

r f cM i}d\( i‘ne < ^ O' } rn tnev nnd I' oi'ic tie- n>toldcrnun 

dccl scdi 3 'r% o ur’o I'r i <'t<> ' • ( !( lUtHc t trx'r, tf Jtoi nn out ind 

out }it( j r\ j 'il uk' tjis cl truu dv Hut the <!t \ otc t c of Dr Terr m 

v.c’r no' to l»r j'ut *'• dr Hirs citi int/id i 'octets for the purpwe 

of pro'dini' 1 ife'n 't on dout the u c of the \ tcciite. of imnit- 

ficturutp It <'n 1 3 'tv ;t de ind of ohtiiinni4 front the Clovtrn- 

ntejit I'cmn' ton to innmitife til the jxojde lump, tn the di'-irict<; 

m vine]) the tjndcnnc v i riptni’ Cuj i) v.i<; urged to hecoinc n 

tneinKr of the *(Ktit\ Iltti lie v. le not d>eoluiely •ntre of the efTt- 

OCA of the \ tee me And v.tdied to rennitt open nunded and free 

from m\ nmt of meictmrs inotise*;, eo he did not join tt Sttll, 

•tnee he v. •« n re uh nt of N'lleticn ind huM wtih work tn intcros- 

* 

Cops, the prostnetil gosenuiient of Z-trigozn appointed Ittm, to- 
gether V ith Dr Luc, the ofTicnl delegate, to study both the dtscasc 
it'iclf and the projKited pres entisc measure and to prepare a state- 
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Cajal litre ss httnsclf tnto tins task and tn July, 1885, he trav- 
eled to Zaragoza to give hts report By this time the epidemic had 
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spread throughout almost the whole of Spam He confirmed the 
theory, then still disputed, that the disease really was cholera and 
stated that m all probability it was due to the comma bacillus of 
Koch But he was not inclmed to put much faith in the anticholera 
vaccme prepared by Dr Ferrdn He felt that its effectiveness had 
not yet been proved and that further study was needed before such 
a potentially dangerous culture should be widely admmistered in 
vaccme form 

By the end of September, Cajal had completed work on a large 
monograph prepared at the request of the provmcial government 
of Zaragoza— Studies on the Red Microbe of Cholera and Prophy- 
lactic Inoculation In spite of the fact that such a work would 
necessanly be chiefly a summary of information on the subject to 
date, with a careful evaluation and interpretation of the known 
facts, Cajal's report did contain some onginal conclusions based 
on his ovm expenments One was a new, practical, and simple 
method for stammg the comma bacillus so that it could be seen 
clearly when placed under the microscope The most important 
contnbution he made was his demonstration that hypodermic in- 
jection of a certam quantity of cholera culture that has been killed 
by heat stimulates the formation of antibodies, that is, stirs up the 
defensive mechanisms of the body to fight the virulent organism, 
and thus nught possibly produce an immunity to the disease This 
discovery— that vaccination of man and animals with dead cul- 
tures may produce immunity— has been almost universally attrib- 
uted to two Amencan bactenologists, D E Salmon and Theobald 
Smith, who m 1886 pubhshed their treatise, On a Method of Pro- 
ducing Immunity from Contagious Diseases The honor should 
go to Cajal, however, smce he had demonstrated the same thmg 
m this government report a year earher 

Certam other pomts brought out m the report were of rmpor- 
tance and were later confirmed by eminent bactenologists One of 
these was the doubt Cajal expressed (later corroborated by the 
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great Metchnikoff ’’ of tire Pasteur Institute in Pans) that mere 
moculation heneadi a man’s skin rvitli a pure, live culture of bacilli 
cannot m itself immunize die digestive tube Tins doubt was 
based on the fact that such a culture cannot migrate to tlie intes- 
tines and therefore cannot produce tlie symptoms of cholera, 
which IS localized solely in die intestinal tract 

As was long to be die case with die work of Ca]al, these onginal 
contnbutions passed unnoticed by the men of science of his day 
Yet the effort he expended in prepanng Ins elaborate monograph 
on cholera did not go entirely unrewarded Tlie provincial govern- 
ment of Zaragoza conferred upon him for his zeal a magnificent 
Zeiss microscope His heart bounded with joy at this unlooked-for 
gift Nothmg could have pleased him better or been more directly 
useful to the career he ivas already cannng out with firm, deliber- 
ate strokes 

His excursion into the study of the comma bacillus awoke in 
him a profound interest m bactenology and pathology and he 
often wondered m later years if it would not have been more fruit- 
ful for him, both mentally and financially, if he had followed this 
path, which was then so fashionable Histology condemned him to 
povertjf. Its greatest reward would be the grudging praise of the 
few scholars who could understand and appreciate his work Bac- 
tenology, on the other hand, was unworked soil, full of nch sur- 
prises, mexhaustible m discovenes leadmg to the relief of suffenng 
and to popular acclaim and honor as one of the mercy-bearers of 
mankind 

But knovnng his own nature, Cajal chose histology, the cautious 
way but also the tranquil way 

I knew well that I should never be able to dnve through such a nar- 
row path m a luxunous carnage, but I should be happy in contemplat- 

® Ehe Metchnikoff 01845-1916) Russian zoologist in Pans Discoverer 
of phagocytes and of phagocytosis CA phagocyte {phago, I eat, h.ytos, cell] 
is any cell that ingests micnro-orgamsms or other cells or substances, phago- 
cytosis IS the engulfing of other cells or substances by phagocytes ) 
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ing the captivating spectacle of minute life m my forgotten comer and 
hstening, enraptured, from the eyepiece of the microscope, to the hum 
of the resdess beehive which we all have within us 

A more practical consideration mfluenced him too— the expen- 
siveness of work in hactenology as compared with the relative 
mexpensiveness of histology He envisioned the vast hordes of 
experimental animals the mvestigator in pathology would have 
to buy, feed, and care for, the costly and vaned laboratory equip- 
ment, the stenhzing ovens, the incubators! For histology one needs 
only a good rmcroscope and a few standard reagents So Cajal— 
now father of four children, earning fifty-two dollars a month 
—bade farewell, as he puts it, to the allunng microbe and remamed 
faithful to his first love, the cell 


THE EEGENCY 

Some weeks after Cajal’s return to Valencia m October of the 
temble cholera year, the kmg, Alfonso XII, died after a bnef ill- 
ness— bronchitis— an illness so brief that it had hardly been an- 
nounced before he was already dead Serrano died the next day 
The value of the peseta fell, and the royal household looked for- 
ward with dread to the revolution all fdt was sure to follow To 
avert this danger, Alfonso’s mmister, Cdnovas, astutely turned 
over the government to the Liberal Sagasta, who by his appease- 
ment policy staved off revolutionary outbursts Maria Cnstma of 
Hapsburg, wife of the dead kmg Cbis grandmotlier of the same 
name had died a year before Alfonso’s second mamage), now 
became regent of Spam According to the Constitution, her eldest 
daughter should have become queen, but Maria Cnstma was 
pregnant, and in the hope that Alfonso’s posthumous child would 
be a boy, she wanted no steps to be taken in this direction until 
after the birth of the new baby 

Early in May, i886, a humcane swept Madnd, causing great 
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her minister Sagasta Years later, when her son was to come to tbe 
throne, he would find it even more secure than it had been at the 
death of his father 


cajal's publications of the period 

Upon returning to Valencia m the fall of 1885, Cajal had gone 
back to his study of hvmg tissue, his enthusiasm for histology not 
at all tarnished by his recent detour mto the more spectacular work 
with disease germs Durmg the first three years of the Regency, as 
the result of months of immtermpted tod, he pubhshed a senes of 
articles on the structure of cartdage, on the crystalhne lens of the 
eye, and on the muscle fibers of msects and of certam vertebrates 
But his chief concern at this time was the pubhcation of an exten- 
sive work on histology and microscopic technique. Manual de his- 
tohgia normal y tdcmca mtcrogrdfica,* the first mstallment of which 
had appeared m May, 1884 The next two years were devoted 
unstmtmgly to this monumental treatise, which when completed 
composed 692 pages of small pnnt and 303 woodcuts made from 
drawings of Cajal's anatormcal preparations by an artist of Valen 
cia This work was to prove a finanaal success CTo his amaze- 
ment, the first edition was sold out and a second edition had to be 
pnnted m 1893 ) Cajal’s motives m undertakmg it were fully re- 
alized He gathered together into one volume all his original obser- 
vations m the field, minor discovenes that had gone practically 
unnoticed He disciphned his researches by makmg them fit mto 
the ngid program demanded by a project of this sort And, most 
of all, he satisfied his patnotic wish to show foreign saentists that 
somethmg ongmal and vrorth while could come out of Spam, 
something personal, based on accurate, direct mvestigation and 
not a feeble reflection of the scientific productions of other 
lands 

■* Manual of Normrd Histology and Micrographic Technique, 
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the geometric architecture of the muscle fiber, a sort of complex Vol- 
taic battery, where, as m a locomotive engine, heat is turned mto 
mechamcal energy, the gland cell, which m a simple way creates the 
ferments of our hvmg chemical laboratory, generously consummg its 
ovra substance for the benefit of the whole, the fat cells, models of 
good housekeeping, which in preparation for future fammes store up 
the surplus foodstuffs from the feast of life to utihze them when the 
organs fail and m the great nutntive conflicts of the body 

Watch these protagonists of the struggle for survival fight it out 
on their oivn ground, he urges 

Come with me to the laboratory There upon the stage of the micro- 
scope, tear up the petal of a flower, forgettmg for a moment its beauty 
and Its fragrance Then take a bit of animal tissue, tear it apart with- 
out compunction even though it pulsates and trembles at the touch 
of the needle Then look through the wmdow of the eyepiece, and 
the leaf of the plant and the tissue of the animal will reveal to you m 
every part the same structure— a sort of honeycomb budt up of little 
cells and more litde cells, separated by connective substance, and har- 
bormg m its cavities, not the honey of the bee, but the honey of life m 
the form of a semisohd, granular matenal, enarchng a toy corpuscle, 
the nucleus 

Now examme a drop of sahva, a few cells from the covermg of your 
tongue, a drop of your blood, the mold found on decaymg food— and 
always the same architecture appears cells and more cells, more or 
less modified, repeatog themselves monotonously, with weansome 
uniformity 

This uniformity in the structure of organic tissues, liqmd as well as 
sohd, m the muscle as well as m the nerve, m the stem as m the flower, 
this precise repetition of the same melodic theme, forms the pnmordial 
truth of histology, the basic fact upon which is foimded the grandiose 
and transcendental cellular theory of Schwann and Virchow 

Anuapataig the conclusions of later saentists as to the hercu- 
lean warfare constantly being waged within the body, he con- 
tinues 
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does it matter that some twigs are broken off by the storm if the trunk 
persists with unabated vigor, givmg promise of shoots of even greater 
beauty and luxuriance? ^ 

But Cajal himself, commentmg on this youthful thesis of his, re- 
marks that It IS a gloomy solace to the as a sacnfice to the survival 
of the species 

Later there is a cunous parallehsm with the ideas of Schopen- 
hauer and of Herbert Spencer, whom he had not yet read 

This protoplasm filled both space and time with its creation, it 
crawled m the caterpillar, dressed itself with rambow colors m the 
plant, adorned itself with the crown of inteUigence m the mammal 
It began unconsaous and ended consaous It was the slave and play- 
thing of the cosmic forces and it ended as the driver of Nature and the 
autocrat of creation 

Whither is life gomg? Has it reached its hrmt and exhausted its 
fecundity m the human organism, or is it keepmg m its portfoho plans 
for stdl higher orgamsms, for beings mfinitely more mteUigent and 
understandmg, who are destmed to rend the ved that covers first causes 
and to do away with all the labonous debates of saence and philoso- 
phy? 

Who knows? Perhaps this demigod, protoplasm, wdl also die on that 
sad apocalyptic day when the torch of the sun is quenched, when the 
embers m the heart of our globe grow cold and its crust is strewn with 
fimereal ashes Day of horror! Sohtude filled with angmsh, night of 
utter darkness, m which the hght of the universe, the hght of thought, 
is extmguished! But no This is impossible When our miserable planet 
IS worn out and fngid old age has burned out the fire at its heart, and 
the earth becomes a glaaal and barren desert, and the red and dymg 
sun threatens to overwhelm us with everlastmg darkness— organic pro- 
toplasm will have attamed the culmmation of its work Then the King 
of Creation will abandon forever the humble cradle that rocked His 
infancy, wdl boldly attack other worlds, and will solemnly take pos- 
session of the universe 

“Forgive me,” says Cajal m his mature years, “for these poetic 
eEFusions of my youth, which expressed what was then my credo— 
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and I had never read a word of Nietzschel” These were to be his 
only rambhngs in the misty domain of natural philosophy 


“exporting to the foreign market” 

Having finished his fundamental text on histology, Cajal was 
now eager to match his powers wnth tliose of foreign investigators 
Only in contest mdi the strong does one gam strength, he told 
himself, and he longed to be admitted to the ranks of the leaders in 
science as urgently as when a schoolboy he had struggled to excel 
in physical prowess— \wdi so many misadventures yet with even- 
tual success So It was to be again 
The first opportunity that presented itself was through Dr 
Krause,® histologist of the University of Gottingen, who published 
a monthly magazine, Monatschnft fur Anatonne und Physiologie, 
in which articles appeared not only m German but m French, 
English, and Italian as well Dr Krause had read some of Ga3ars 
i\Titings and asked him to contnbute something to his review, 
promising to pay for the cost of the cuts and to give him fifty copies 
of the issue m which his article appeared Cajal sent him two con- 
tnbutions, labonously translated into French, with a large assort- 
ment of drawmgs he himself had made to illustrate them The 
first article was sent directly, the second took him two years to 
prepare It had to do with the texture of the muscular fibers of the 
feet and wings of msects, and became, as he developed it, an ex- 
tensive monograph with four large color plates Although it con- 
tamed some origmal observations, its interpretations, based on the 
histological theones of the day, were quite erroneous, as Cajal him- 
self was to demonstrate m his later work 

Havmg succeeded at last m “exportmg his wares to the foreign 
market,” he setded down to a study of the nervous system, the mas- 
terpiece of life He studied it in vanous animals and m all its several 

® Wilhelm Krause G 830-1 910) German anatomist 
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stages of development, guided by the outstanding works m neurol- 
ogy ° of the penod, those of Meynert,’’^ Ranvier, Schwalbe,® and 
others The technical resources of the tune, at least so far as they 
were known in Spam, were quite madequate for such a study 
With the staining methods then at hand, the best preparations 
showed hardly anythmg beyond the cell bodies and their nuclei, 
very httle of the long nerve fibers conducting to and from the cell 
body could be seen Therefore, even the most zealous investigation 
left the ongin and the terminals of the fibers almost as much a mys- 
tery as they had ever been Yet the structure of the nervous sys- 
tem, chiefly of the human bram, attracted Cajal irresistibly Many 
basic questions regarding its funcbon were stdl unsolved, crying 
for an answer The new science of psychology, emergmg dimly at 
this moment, was demandmg exact mformation on the organiza- 
tion and processes of the bram, without which it could have no 
truly saentific basis With it, it was then believed, the whole secret 
of thought and will would be laid bare 


OAJAl’s social life in VALENCIA 

Cajal’s years m Valencia, now soon to come to an end, were 
happy and full Though most of his leisure was spent in his labora- 
tory, he did allow himself some recreation with his fellow-members 

® Neurology is the study of the central nervous system and of the neurons 
of the penpheral nerves It shares many fields in common with psychology 
and psychiatry, exact knowledge of the structure and function of the nerv- 
vous system in health and disease is indispensable to a saentific approach to 
these two saences The close relationship of neurology to neurosurgery 
and neuropathology is obvious Nervous anatomy, physiology, neurology, 
and expenmental psychology differ from one another merely m empha- 
sis and method Fifty years ago neurology was just beginmng to be recog- 
nized as a saence The mam facts about it have been discovered quickly— 
first by anatormcal methods, later by physiological 

7 Theodor Meynert (1833-92) Professor of neurology and psychiatry 
at Vienna 

8 Gustav Schwalbe ( 1 844-1916) German anatomist 
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To test hypnosis from all possible angles, expenments were also 
made on normal people, professional men chiefly Cajal and his 
fnends, after putting their subjects to sleep, were able to produce, 
by suggestion, hemorrhages, hallucinations, total or partial forget- 
fulness of the past and of the subject’s own identity, multiple per- 
sonahty, and the remembermg of thmgs long smce forgotten The 
hypnotized persons would perform, after walung from the trance, 
actions suggested by the hypnotist that were entirely opposed to 
their normal activities and their natural bent One patient adjusted 
his whole life for a week to conform to a ndiculous program out- 
lined for him while he was hypnotized 

Cajal was quick to see the curadve possibilities of hypnosis and 
straightway tned them out He claims to have performed feats m 
this field quite comparable with those of the miracle-workers of 
the past He was able mstantaneously to turn the gloomy moods of 
depressed persons to joyous ones, to cause patients who had a pho- 
bia agamst eating to eat normally, to enable those hystencally 
paralyzed to walk agam, to cause patients permanently to forget 
pamful memories that were torturmg them and making them lU, 
and even m one woman to produce by hypnotic suggestion com- 
plete msensitmty to the pams of childbirth 

Naturally his fame as a wonder-worker was spread abroad and 
his once peaceful home contmued to be mundated with a throng 
of unbalanced people, some of them quite msane, beggmg him to 
cure them CIn the midst of all this, there was a new baby to care 
for, htde Ennqueta, bom m 1886 ) Cajal helped as many of those 
who came to him as he could, without recompense, and then with- 
drew from the practice, his cunosity now satisfied The only 
thmgs that he was never able to fathom m this detour mto hypno- 
tism were the ability some of the subjects showed while m the 
hjqmotic trance to see through opaque bodies, the transference of 
a sensation to the wrong sense organ, and mental telepathy At 
spintualisnc s&nces, when this doubtmg Thomas visited them, 
the medium’s skill seemed to melt mto air thmner than her ecto- 
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A theory ts not an unemotional thing If music can 
he full of passion, merely hy giving form to a single 
sense, how much more heauty and terror may not a 
vision he pregnant with which hnngs order and 
method into everything that ive know? * 

—GEORGE SANTAYANA 


A BOUT the middle of the year 1887 a change m the medical 
cumculum of the Spanish universities left open several professor- 
ships m normal and pathological histology These vacancies were 
to be filled, as usual, by competitive exammation Cajal competed 
successfully and two positions were offered him, one at the Um- 
versity of Zaragoza and the other at the University of Barcelona 
It was hard for him to choose between them Zaragoza attracted 
him. It was his ahna mater, close to family and fnends, and dear 
to him in Its memones of his youth But he chose Barcelona Al- 
ready he had come to realize that his hfe was to be dedicated to a 
consummg purpose and he feared the demands of hving m the 
smaller city, knowmg how easy it is to hotter away preaous years 
m entertainmg one's fnends, or being entertained by them, and 
m combatmg the petty jealousies that thnve so luxunandy m the 
overdose mtimacy of a small umversity “Holy peace” was essen- 

* The quotation above, from Reason in Science Cpage 89), is used ivith 
the land permission of Charles Scnbner’s Sons, New York, and Constable 
and Company, Ltd , London 
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tnl JO the work he had in view lie nteded, loo, die l.ibor.iior)' 
and usuiidi facihiic<; dm Hiax'lona would ofTer t>o much more 
nlnmd.mdy 


nLMOVAL TO JIMICJLONA 

Tni dicicforc, moxtd to Hircelom and were soon m- 

<nll(.d m n modt--t hoiKe m die C.dlc dc h liien Alta near the 
htadiju irttr< of the 1 aculi) of Mcdtcine m the old Hospital of 
Sinn CruA. Iliey did not <.1 ly time long, lor Cijal soon found a 
V iy to suppltmcni Jus snnll salary h) giving private lessons in 
hisiologv and h^cicnoloj:v toctn.im \oung ph)siti.ms m the city, 
and till, fumly took a finer house, where Caj.il set up a laboratoiy' 
m 1 iHautiful loom ojHning ujxm a girdeii, m which he kepi the 
ammils he w is lo use in his e.\pcnments 

On the whole, he found the professors of the Faculty of Medi- 
cine 1 hrillnnt group of men, man) of whom he later counted as 
true friends IheV worked under dillieuliies in the dilapidated 
I lospini of Sinn Cm/, v here sjjacc for classes and laboratories 
waspiihetic-dlv inidetjunc Cijal was lucky enough to gel a lairly 
large room in which to prepare his spe“cimcns and give his demon- 
strations, a room icjuipptd with incubators and sterilizers and a 
good Zeiss mmc-cope lie hid only a few' siudcnis, but they 
v\ere hardworking )oung men, and be'cause of their zeal and 
their snnll numbei he minaged to give them a moie thorough 
course than that afforded by the far better equipped University 
of Madrid 

He was bent upon continuing the researclies on tlie nerv'ous 
s)’stem that he had begun while still at Valencia But first he felt 
tliai he needed firmer grounding in pathological anatomy, in 
winch he still considered himself a novice He spent his leisure 
hours making autopsies and expenments Ever)' day as a result of 
tJiese labors m die dissecting room he added to his collection of 
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tumors and to his assortment of specimens of mfected or mflamed 
tissue At last, after months of this, he was ready to return to his 
earlier mvestigations, with deeper insight now and greater tech- 
nical skill 

A QUICK GLANCE AT THE NERVOUS 
SYSTEM 

To UNDERSTAND Cajal’s work m the creative penod now hegm- 
nmg, fundamental knowledge of the human nervous system, m 
both Its structure and its function, is mdispensable For his life- 
work was largely an elaboration of details regardmg this mech- 
anism that so vitally controls our behavior and gives us our 
awareness of ourselves and of the world Much of the modem 
concept, now to he summarized bnefly, denves directly from 
Cajal’s early discovenes and theones 
Structure At almost the very hegmnmg of his career, Cajal 
was to prove that the basic unit of the nervous system is the nerve 
cell, or neuron It is composed of three distinct parts the cell hody, 
which has as its chief fimcUon the nutation of the neuron, and 
two easily distmguishable types of fibers extendmg out from the 
cell hody the dendrites and the axon. The dendntes are found 
in positions where they can be readily exated by stimuli (goads) 
commg from the outside environment or from neighbonng cells 
within the body They constitute the receiving end of the nerve 
cell, conducing waves of excitation, the nervous impulse, toward 
the cell body Several dendntes usually branch out from the cell 
body m treeJike fashion The axon constitutes the delivering end 
of the neuron, it cames the nervous impulse away from the cell 
body and conducts it to muscle cells or to other neurons Each 
nerve ceUAias only one axon, though this sometimes sends off 
branches, called collaterals, at nght angles to itself Both axons 
and collaterals terminate by branchmg mto many tmy tvngs (ter- 
minal arborizations) 
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'Hie nc no»i>; <\<(cni connin'; n \n';t nunilicr of neuron*;, wliicli 
ire ihc init nervt celK li cont.un*;. loo, n number of celb, cnllccl 
i.c.iroi^ha \\lui.b i iKo no pirl in ilic conduction of the nen’ous 
nnjniKi Inii --c rv c to lund the v\ '>tcin into n w Iiole, their function 
Kinu evnneeme or supportive onlv Some ncuron<; are micro- 
scojDC. hut not all, for ihoui;h all ire micro‘;copic in diameter, 
min\ lie scvcnl hn lon^ M mv .uoni, sometimes as many as 
ICC ccc, m i\ he Ivnind it^ccthcr with connective tissue to fonn a 
Kind of cihk v, IikIi is 1 7Jt n t 

Ilu cell IxxK of the neuron is made up of cjtoplism ’ (that is, 
proio]ilism «. Nclusn t of the nucleus) and a nucleus, \\ Inch appears 
to phv 1 dominini role in the life processes of the cell In both 
the t JI lx)d\ md the fibers, the microscope reveils fine filaments 
streaming through the cv loplism— these are the neurofthnh 'lliey 
were once Ixlieved to l>e the hisis of the neuron's power to con- 
duct nenoiis imjnilscs, hut this now seems unlikely Of greater 
impnmnce is the chromuhal substance (Nissl’s granules) found 
in the cell hodv and in the dendnics for a short disi mce from it 
PinalK, there is the Golgt apparatus, a delicate network appear- 
mg in the cell hod) alone 

Some nene filxirb are naked but many arc covered witJi a 
viychn sheath, a nonliving, fatt) substance secreted by the neuron 
Tins insulates and supports the oMScyhiidcr— that is, the conduct- 
ing core of die nerve process, encased within it Myelin is white 
(because of the fat in it, just as the droplets of fat in milk make 

^ Proioplasm Cprotos, first, ylasnm, thing fomictl) is the form of matter 
of V liidi all liv ing tilings arc made It is a jellj like substance, largely water, 
making up tJic essential matcnal of all plant and animal cells and com- 
posed cliicfly of proteins C}toplasm (k-jlos, cell, plasma, thing formed) is 
die stuff of which cells are made Tlic nucleus (iiiix, nut) and the ej’to- 
plasm represent internal spcaalizauon in cells Tliey differ from each other 
in structure and in diemical composiuon Tliough they depend on eadi 
other, they have separate functions, die nucleus is concerned chiefly vvath 
heredity, growth, and reproduction, die cytoplasm widi die more prosaic 
functions of absorpuon, secretion, excretion, etc 
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It white), and fibers covered with it comprise the major part of the 
so-called white matter of the spmal cord and bram Fibers that 
lack this covermg are gray and make up the gray matter Not much 
IS known even today about the exact function of the myehn 
sheath When individual fibers are important— as, for mstance, m 
the neurons of the eye— they tend to be covered with myelm, 
while fibers that are a part of a diffusely conductmg system, such 
as pam fibers and fibers gomg to the smooth muscles of the blood 
vessels and the mtestmes, are usually unmyehnated Both mye- 
hnated and unmyehnated fibers may be encased m a thm, hvmg 
membrane called the neurilemma or sheath of Schwann 

By usmg dyes to stam vanous parts of the nerve cells, neuro- 
anatomists have learned what is known today about the relations 
of neurons to one another Dyes that stam the chromidial sub- 
stance, for example, show where the cell bodies are Dyes that 
stam the myehn sheaths or the nerve fibers themselves show the 
course the fibers follow and the mtercoimections they make De- 
tailed knowledge of the anatomy of the nervous system has been 
enormously advanced, therefore, by study of the neuron and of 
Its mner composition, a study which Cajal earned far beyond the 
pomt at which he found it when he began his work 

Knowledge of neuronal structure sheds hght upon whether or 
not the nerve cells are performmg then functions properly This is 
of great moment to physiological psychology because a very close 
relationship exists between nervous functionmg and behavior It 
IS of great concern, too, to all branches of nervous pathology, the 
study of bodily ills m which the nervous system is mvolved For 
mstance, a physiaan or surgeon may need to know whether cer- 
tam nerve calls are alive or not He can find out m several ways 
In neurons that are fatigued, the chronudial substance disappears 
from the dendrites, when the neuron is dying or already dead, it 
disappears from the cell body as well Significant changes also 
occur m the Golgi apparatus upon the death of a neuron Detec- 
tion of these degenerative processes m the nerve cells has con- 
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MclcnWc cingncKtic \nluc in mtdicinc and is of great importance 
to ncumsiirt;cr> 

Tunction Niimms arc grouped as afferent (canning toward), 
cfjcrrnt (cirr\mg aw.i\), or a<^u)ciaiwnal, according to the func- 
tion tlu\ perfonn m tlie n(r\ous s\>.tem AfTcrent, or sensorj’, 
neurons are tluKc tint rmi\e viiinuli from the outside world, 
thest ncunms art hviitd in the a'ceptors, or sense organs, sucli 
as tile e\cs, tile t irs. the iistt InuK of tlie tongue T hey carr)' the 
impulses set up in the re'ceptors inwiril to the central connecting 
sniions in spmil tord ind hnin I'llerent, or motor, neurons de- 
liver the IK nous mijKilse to iheclfexior organs— muscles or glands 
— ind thus bring a!>oui re<j>onst'-s to the sumuli rc'ceivcd by the 
sensory nine cells IIksc re'ictinns nn\ Ive internal or CNtcrnal, 
volunnn or involunt m ’I he assocntional, or adjustor, neurons 
are the connextors, cirning the nennus impulse from sensorj' 
to motor cells A large number of them maj be involved in the 
simjdest act 

llic functional unit of the nenous svstem is the reflex arc, 
winch IS the smallest segment of nenous tissue tliat can carrj' out 
the special function of the sjstcm as a whole— the correlation of 
rece'piors and effectors At least two neurons arc required for this, 
and usuallj many more If more than two arc inv'olvcd, all but the 
first (die afferent or sensorj’ neuron) and the last (the efferent 
or motor neuron) arc associational ncn'c cells Tlic reflex arc must 
therefore not be thought of as a group of neurons isolated from 
die rest of the none cells that make up the nen'ous sj’stcm, it is m 
reality onlv a particularlj' easy pathwaj’ through it In lower ver- 
tebrates, the nen'ous sjstcm is made up almost exclusively of 
reflex arcs, permitting only a verj' limited repertoire of responses 
In die course of evolution, however, the animal ncrv'ous system 
has become more and more complex, widi ever greater choice of 
nerv'ous pathways and ever greater ease in forming new reflex 
arcs In man die arc may consist of a vast w’eb of intenvoven paths, 
each containmg many relays 
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The nerve cells follow one another in a kind of chain, and, 
since they are distinct entities and separate from one another, tiny 
interruptions occur in the pathway of conduction The junction 
between the axon of one neuron and the dendntes of the succeed- 
ing one IS called the syna-pse If an impulse is to be picked up by 
a neuron beyond the synapse, it must be strong enough to jump 
the little gap between the tu'o nerve cells Vanous degrees of resist- 
ance to the passage of the impulse are set up at this connecting 
point Even today neurologists do not know with absolute cer- 
tainty what the nature of this resistance is But it is well known 
that when several impulses compete for nght of way, the path 
of least resistance will be followed Practice and habit strengthen 
some pathways, and others become so weak through lack of use 
that they virtually disappear 

One very important charactenstic of the synapse is that it allows 
the impulse to travel in only one direction— from axon to dendntes 
It IS a one-way street An impulse cannot jump the synapse back- 
ward, It must go forward toward its destination or dram away 
This quality of irreversibility at the synapse is emphasized m the 
law of dynamic polanty, a law stemmmg from Cajal s theory of 
dynamic polanzation, discussed later in this chapter 

Throughout the nervous system, pathways from difFerent points 
run together into what is called the final common path, therefore, 
impulses from different stimuh can act upon one another Im- 
pulses converging upon the same motor or adjustor neuron may 
combme to mcrease the degree of nervous excitation at the 
synapse This is called summation It is as if the neurons, the con- 
trollmg elements of the body, consulted together before issumg 
their orders to the effectors, and having come to a joint decision, 
thereby mcrease the authontativeness of their command Sum- 
mation IS mvolved m most of the higher and many of the lower 
mental processes For mstance, one can combme the sensations of 
sight (redness) with those of touch (roundness, smoothness), of 
temperature (coldness), of consistency (moistness), and taste 
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(i inqinc-is) to pet T fnirlj complete imprc'ision of a frosty wm- 
tcr njipli 

Btit T oimpltN m’tAous s\*.tim cannot function linrmoniously 
w iiliout amnluT nH‘clnni'>m whthttson, \\ Inch is to sunimaiion as 
tin oh\ c of 1 com is to its face 1 or some nniscles must perform 
actions uvci'^inu tluKC of other muscles for c\nmple, one must 
close one’s Ininl l>cfor( one ean open it again ’riiereforc, volun- 
tarv museles aie found ttioupid m antagonistic sets, which must 
ac. die rintcK —while one set funeiitins the other set is hlockecl 
or inhihittd In lu uiologic il temis, this means tliat under certain 
ciraimst inecs impulses am\ mg at a s\ napse not only fail to jump 
It hut acttnlK tins,, u, for the time lieinp to the passage of other 
impulses Such hlocking is ncccssnr)* to prevent deadlocks and to 
ftcihtate alternative, useful action Various tlieoncs liave been 
adv anee'd to e\p]atn the jihvsiological basis of inhibition, none arc 
full) endorsed todav 

A inech mism fundamental to all learning is the condtitonccl 
rept'A, which is a response, not to the stimulus that should natu- 
ral!) produce it, hut to one that is connected with the original 
stimulus In association only Ilic famous experiment made by 
Pav lov ' on dogs ilhistnitcs the operation of the conditioned reflex, 
or cotuhi.omng, as it is more jwpularly called Food was presented 
to a dog and us sahvar)' glands went into action At tlic same 
monicm a Ixtll was ning After this had happened many times, 
the dog ‘learned ’ to salivate when the bell was rung cv'cn when 
no food w IS offered "Ilic bell became a substitute stimulus for tlie 
real stimulus, food, which naturally elicited Uic response of 
salivation 

One could picture the human ncrv'ous system as it might be 

- Some of Uic greatest recent ndranccs m ps)cliolog)' were made by the 
Russian plijsiologjst Ivan Petrtnitch Pavlov C 1849-1 926), who would not 
admit tliat ps)c]ioIog)' was a sacncc His work on condiuoned reflexes is 
one of the greatest contnbuuons made to ps)'chology and psychiatry within 
the last fifty j cars 
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demonstrated m a transparent model of the body, with the nervous 
impulses visible as light ® Because the impulses are mmute and 
rapid, the bram of our imaginary model would shine m some parts 
with a steady glow and with shifting mtensity m other parts One 
would see flashes bursting out here and there, lighting up and 
fadmg to a glimmer Little gleams of light would be observed 
travehng along the fibers, their hnghtness fluctuatmg at the 
synapses, and— when strong enough— lundlmg other nerve fibers 
beyond these connectmg pomts 

Divisions The human nervous system is commonly thought of 
as compnsmg two mam divisions the central nervous system, 
which mcludes bram and spmal cord, and the penphercd nervous 
system,* which mcludes all the ganglia Cniasses of tissue contam- 
ing nerve cells) and the nerve fibers outside the spinal cord and 
bram The central nervous system has several important parts 
the spmal cord, the medulla, the cerebellum, the midbram, the 
thalamus, and the cerebrum, with its outer "rmd” or cortex The 
function of the spinal cord is to convert impulses received from 
the sense organs, such as the eye and ear, mto motor impulses, or 
muscular and glandular responses, leading, directly or mdirectly, 
to action of some sort It also serves to carry impulses' to upper and 

® For this concept the author is indebted to Dr H Chandler EUiott’s 
Textbook of the Nervous System, Lippincott, 1 947 

* The penpheral nervous system is so called because it is away from the 
central nervous system (which concerns us more nearly because Cajals 
researches were made chiefly on spmal cord and brain) It compnses the 
autonomic nervous system, which regulates involuntary bodily responses, 
espeaally those mvolved m digestion, the circulation o£ the blood, and 
reproduction 

Claude Bernard said, when spealong of the functions of the autonomic 
nervous system "Nature thought it prudent to remove these important 
phenomena from the capnce of an ignorant ■will ” Nature did not remove 
them entirely, however Thought and emotion may react on the autonomic 
nervous system and on the closely related endocrine glands Also the higher 
centers that control the autonomic nervous system are located m the bram 
Itself Followers of certam Onental cults have sometimes achieved remark- 
able volimtary control over these supposedly purely automatic mechamsms 
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low cr lt\ cl< of the non oti*: Tltc medulla, alwul an inch m 

length !<. 1 coniinintmn of the <:pinal cord Nerv ou"; impulcc'; pass 
through It to the ccrel)clhim al>o\e it otul to die spinal cord hclow 
It connin'- nerve cxnttrv tint control circulation and respiration 
'Hie crrehellun. is located at the base of the hrnin, it is made up 
of t\vo hcmisphca'S and is connected h) a stnicturc called the yons 
(hndee') With the medulla and the midhrain Its chief function 
is to maintain Ixxlv cquihhnuni and imisailar tonus The ccrc- 
hrun, the hrain pmjxT, includes the niidhrain, the thalamus, and 
the ce a'hnl conc\ Idic m.dhratn Ins to do pnncipally with see- 
ing and he\annq ‘llic ihalnv.us is a large mass of nenous tissue in 
the center of the hrain. through which most impulses from the 
Sense organs pass l>eforc reaching the cortex Tlic thalamus seems 
to have something to do with one's feeling o'* pleasantness or un- 
pleasantness. the general afFcctne coloring of one's consciousness, 
whether cheerful or melanchoK Tlic cerebral cortex is die outer- 
most la\e'r of the ccrchrum, it is the scat of consciousness, of will, 
and of intellect All these agions Cajal was to explore dunng his 
lifetime, fir^t in lower animals of man\ species and finally in 
human licings in \anous stages of development 


nxpnniMENTS w'itii the silveu stain 

In 1888, hawing completed his sclf-instruction m pathological 
anatomy, Cajal began to expenment one memorable day with a 
procedure for staining tissue known as the method of Golgi 
Throughout the years before 1888, vanous methods had been 
tned for djcing the nenous structures None had prov^ed ade- 
quate However skillfully the methods in v'ogue were applied, the 
stains revealed litde more dian the cell bodies and their nuclei 
'Tlie best procedures knowai were those of Ranvier and others 
who, followang in his path, used silver nitrate and osmic acid, but 
the work called for unendmg patience and the results were far 
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from uniformly good These methods were wholly inadequate 
when It came to tracmg the heginnmgs and the endmgs of the 
nerve processes remote from the cell bodies and to disentanglmg 
the mterconnections between cells It was impossible, for exam- 
ple, to show by histological demonstration how a nervous impulse 
is transmitted from a sensory fiber to a motor fiber, yet this was a 
fundamental question, asked constandy by the buddmg science 
of psychology 

Accurate knowledge of the structure of the brain, m all its 
detail, was essential to a true understandmg of its functionmg m 
health and m disease Bram anatomy, therefore, became a subject 
of widespread mterest to medical men at this penod, it was a field 
of mvestigation bound to prove irresistible to such a man as Cajal 
“To know the bram,” he once said, “is the same thmg as knowing 
the matenal course of thought and will, the same thmg as dis- 
covenng the mtimate history of hfe m its perpetual duel with 
eternal forces, a history summarized and literally engraved m the 
defensive nervous co-ordmations of the reflex, the mstmct, and 
the association of ideas ” But there was no compass to guide the 
explorer through the impenetrable forest of the gray matter Stdl 
the oudook was not so dark as one might have thought at that 
moment, for the compass was soon to be devised, and by Cajal 
himself 

The method Cajal now set out to perfect was not his own in- 
vention but had been mtroduced m the years between 1880 and 
1885 by the Italian anatomist and physiaan Camillo Golgi of 
Pavia (1844-1926) He had made great claims for it and through 
Its use had made important contnbutions to the study of the brain 
Later Golgi turned from this field as frmdess and became world- 
famous for his work on malana, revoluUonizmg the medical treat- 
ment of this age-old disease Other researchers did not have much 
luck with Golgi’s stam and it became somewhat discredited 
Essentially the method, designed to stam certain nerve cells, was 
first to harden the nervous tissue for a specified tune m a mix- 
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:\)n ti tjuI i <r>!ijiion ofpot ditlironnio 

.\f<< I 'r-\ r I t) dl\ v dir D’ \tir \\ n tt ujvfi rrrd to ,i m 1\ i r niinio m)1u- 
1 {<>! I d-.\ t> 'WO lljrii ilu* iw uc iKMK u( ic dtlndnicd in 
•iVo1.nl, * 1( 'rd n oil of t]u\r nr (»)1 of I'tu'inioi. ntid fimllv 
\’. diri] ndjiiuii'td 1 1 i 5 ' ]’f<\ ( diMO V. w I dK d i)u "'■iK t r >.1 iin" 
. tiT<'f dir u r < f ’iK< r iJii, i;< v hrint •■utt^cdid iliLdrsirtd 
nr,^(*lv^■ ,<vt.l oiMii'dcT slu inK'<» (.Dpi Utlud in ‘-d\» n lihcK 
C'nilli dir nn\j 1 f ( M'!-'! tlijnmi mK rr 't nil ftnm du ilcn- 
c n p \v}i ii'j ' Tiid nniti'V^'n t Di 1 ni'. ^mntin In 1887 lie 
li'dKin 11 ji inif-d In H' w indft for dn r\ innn iiion'> lield in 
M di’id .V ]’t. ft li,| mt’rtiipint iintniin W’lnle in die 
c Ir'od ->t1\ -n; t *r (1^ In t'jij' 'r.unnN ro xwjr j)ie K uling 
v't.t! ! < Ml r< tin: \ lolrii'i iKnir flu lut rKudopnanfs in 
In 'i^'o \ ''vijni*, itjM >n ijnim Nninti" ndu r tliini’v liepnd 
)*. j’lJt nc \ n»d r mil '‘mil Innliii'K 1) Insiiiiiit in dieCnlledc 
li (Vntur 1 vd'rir t.i. d p'n'in ine pin Menus utre lining re- 
•ti'i,!! vt 1 TMrn-' ;lu ni Dr '>mnirt), wlm li id rttiiiiK conic 
h ’c) fmn Pif] )ful V ts t mu m 1\ imng lo Trnine interest in 
•ncntjfe j n; nits neone du \o\un' nun of Spun Cijil spent 
nnfte i.nbV Iihiun i.i du hUui lum nll.ing with Dr Sinnrro 
iliont h". 'tulu of tlir ill mu nine elnngis dnt occur in the 
ntmnis *\‘-;ijii is du u n!t ofiiunnl diMise hwnnt Siiiiirro’s 
lunu< in till C'jllt dll \rt.o de S inn Mini tint Cijnl first siw 
siciion of dll Innn iinpnunitid with Clolgi's stun He was 
ami/id It till t' Cl Ik in n Milts vlmun in tlitse specimens and 
v.omkrtd V In ilu sriintini world hid reiininid indifTcrent to 
a mciliod tint pioiiinid m) niiicli Such neghgcnce, he thought, 
could Mem only from tint thildnli egotism tint makes the scientist 
fiol dngnccd if he ines i method iinentcd hy anjonc other than 
himself, or from its eountcrpirt on a larger scale, exaggerated 
national pride, which leads students to follow blindly the proce- 
dures tauglii them hy their masters without ever experimenting 
with methods used hy the lenders in other lands 
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The two great passions of the man of saence [says Cajal] are pnde 
and patnotism Scientists work, no doubt, from love of truth, hut they 
work stdl more for their own personal prestige or for the intellectual 
supremacy of their country A soldier of the rmnd, the mvestigator 
defends his native land with the imcroscope, the balance, the retort, 
or the telescope As a result of this, far from accepting the progress 
made in other countnes with interest and gratitude, he receives it 
grudgmgly, as if it brought him insufferable humiliation, unless, of 
course, the mvention is so great that to ignore it would be a sm agamst 
patnotism How many times in my long career I have suffered from 
such pettmess' But I must hasten to say that there are exceptions, men 
who rejoice m foreign ment and take pleasure in helping it get its just 
due But such noble souls are rare 

After his visit to Dr Sunarro, Cajal was impatient to get back 
to Valencia to try out the chrome-silver stam No sooner was he 
at home agam than he set to work making tests on the nervous 
sj^stems of animals of vanous species, all of which strengthened 
his belief m the method he had stumbled upon so opportunely 
But the procedure was undependable No doubt, it was because 
of this capnciousness that Golgi, and later Simarro too, abandoned 
It Enthusiastic though they both had been, they deaded ulti- 
mately that the technique was suggestive rather than con- 
vmcing 

Cajal’s faith was not so easily shaken He applied the silver stain, 
constandy perfecting it, to the vanous dmsions of the nervous 
system, confirmmg the discoveries already made by Golgi He 
made no new discovenes at first Infinite patience was needed to 
adapt the method to the varymg requirements of the structures 
to be studied But Gajal was well endowed with an unendmg 
capacity for takmg pams Eventually he applied the procedure to 
the entire nervous system— wnth such success, indeed, as to win 
for himself the lifelong hostility of its mventor 

The year 1888 was a signal one for him He called it his year 
of fortune It brought the discovenes he had struggled for at the 
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cost of countless hours of toil and discouragement Without 
them he would have remained an obscure professor m a pro- 
vincial university Witli tliem he became known throughout 
Europe and tlicn tliroughout tlie world "From that time on,” he 
said, "die trench of science had one more recognized digger ” 


nEVELATIONS mOM THE EMBRYO 

Cajal’s iMPRO\'rMENTS in Golgi’s chrome-silver stain made pos- 
sible, to a large extent, die triumphs of 1888 But the vital thing 
upon which his early discovenes hinged was his idea that the 
method could be used with greater profit upon the brain tissue 
of embrj'os than upon the more complex brain tissue of adults 
Wdien he put this premise to the test, using embryos of birds and 
small mammals, he found that the cells stood out complete m 
each microscopic section and the desired results were obtained 
more consistently than when adult tissue was used 

The stage of development of the embryo had to be chosen 
carefully The tissue had to be stained and studied under the 
microscope at just the nght moment, before the long processes of 
the newe cells, the axons, had begun to be encased in their fatty 
covenngs, the myelin sheaths, for these covenngs obscured the 
basic structure The chrome-silver method, when apphed to the 
embrj'o at this stage of its development, gave sharp coloration and 
the whole composition of the gray matter of the bram was revealed 
with stardmg clearness 

How had it happened that scientists before Cajal had not 
studied the nervous system of the embryo? Golgi had once tned 
It but had abandoned it, somehow failmg to realize what a nch 
field It offered But Gajal realized and plunged into it headlong 
Ideas boiled up in him and new facts burst forth so fast that he 
could not bear the slow tedium of publishing them through the 
regular channels, he had to have a pubhcaUon of his own His 
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Fig 2 —Development of the 
Nerve Fiber A, embryonic nerve 
cell, B, bipolar phase, showmg the be- 
ginning of the growth cone, C, the 
nenroblast, D, dendntes appear, E, 
further development of the dendntes 
and formation of the collateral and 
of the termmal brandungs of the 
axon CCourtesy of Dr E Home 
Craigie, Professor of ComfaraUve 
Anatomy and Neurology, Untverstty 
of Toronto, Canada ) 

magazine, Revista tnrnestral de histologia normal y 'patologtca,^ 
appeared m May, 1888, and agam in August, with six articles by 
Cajal and six hthographic prmts made by bis own hands The 

® Tnmonthly Review of Normal and Pathological Histology 
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sixty copies, which were all he could afford to print, were dis- 
tnbuted among foreign scientists 

Even this timid venture into the whirlpool of publishing had 
swallowed up his small sawngs And he had six children to sup- 
port now— a new son, Luis, had been bom durmg his first year in 
Barcelona His wife, ovenvorked though she was m takmg care 
of them all, gave up her one servant to save expense To match 
her sacrifice, m some small measure, and also to salvage every 
moment for his researches— now full of breathless excitement as 
he uncovered fact after fact— Cajal gave up his chess-playmg with 
the cronies of the Casmo MiJitar He had already won a reputa- 
tion as something of a champion Before he made the final gesture 
of gmng It up— and chess had grown on him almost hke an addic- 
tion— he allowed himself the dehaous joy of defeatmg his adver- 
sanes by ingenious tncks for a whole week Then, his pnde ap- 
peased and chess weU out of his system, he bowed himself out of 
the Casino for twenty-five years 

Leavmg temptation behind him, he threw himself mto a study 
of the cerebellum of birds and of mammals As a result of his re- 
searches m this field, he discovered the so-called basket cells and 
mossy fibers of the cerebellum, hitherto undifferentiated He dis- 
covered, too, previously undetected branchings of the granule 
cells, the very small cells of the second layer of the cerebellum, 
and a sort of down appearing roimd the dendrites Cpendendnte 
spmes), later to be studied by many anatomists In the foUowmg 
months he uncovered the dehcate axon of the granule cell, with 
Its long parallel fibers, and the chmbmg fibers that twme hke ivy 
round certam cerebellar cells These chmbmg fibers furnished the 
final evidence to substantiate the theory Cajal was now develop- 
mg that nervous impulses are transimtted by contact 

The results of his studies of the cerebellum contradicted wholly 
the ideas then current as to the mtimate structure of its gray mat- 
ter The opmions of the time were resolved mto two hypotheses, 
and their advocates and opponents constituted two armed camps 
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Fig 3 —Diagram of Golgi's Conception of Inter- 
NBURAL Connection CI) With Cajal's CD) A , ante- 
nor roots, B, postenor roots, a, collateral of the motor 
radicles, h, cells with short axons, which take part, ac- 
cording to Golgi, m the formation of the net, c, diffuse 
interstitial network, d, its broad collaterals in contact 
with motor cells, e, short collaterals (S^ourtesy of Dr 
Francisco Telia, Director, Institnto Cajal, Madrid ) 

Most of die neurologists of the penod believed in the network 
theory, or reticular hypothesis, ongmally formulated by the Ger- 
man anatomist Joseph von Gerlach ( 1 820-96) The other hypoth- 
esis, that of free endmgs, had been timidly advanced by two noted 
mvestigators, His® and Forel,’^ but had never been widely ac- 
cepted The network theory was given fresh and emphatic expres- 

® Wilhelm His C 1831-1 904) Eimnent German anatomist and em- 
bryologist 

Auguste Henn Forel (1848-1931) Swiss psychiatnst 
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ston b) Golgi, who w i"; il<i Ic.-icling defender Tins llicor)' held that 
all the fibers of the nerv c centers meet and fuse in the gray matter 
of die brain, foninng a net, or reticulum, the Latin word for net 
After explaining the reticular hypoihcsib in detail, Cajal describes 
the "network" as— 

a sort of unfiilioinahle plwsiologic sei, into which, on the one hand, 
the sircaiiis nrn\ mg from the sense organs were supposed to pour, and 
from whicli, on the other, the motor or centrifugal conductors were 
supjxiscd to sjuing like rners originating in mountain lakes This w'as 
admit ably contLiiicnt since it did iwa\ witli all need for the analytical 
clTort iinoKcd in determining in eith case the course the neia'ous 
impulse follows through the gra\ matter It has rightly licen said that 
the reticular Inpothesis, h\ pretending to explain c\ cry thing, cxyilains 
absolutely nothing, and what is more serious, u hinders, and almost 
makes sujKrIluous, future inquincs on the structural organization of 
the brain centers \ et the doctrine of reflexes, insunctn c actions, 

functional locah/ation in the cerebrum, and so on, impcraUyely de- 
mands the recogniuon of perfectly circumscribed channels of conduc- 
Uon through the cerebrospinal axis— cortex, cerebellum, spinal cord 

Tlic opposing thcorj’ advanced by His and Ford was that the 
processes of the nerve cells end freely m the gray matter and are 
not intertwined in an clalxiratc nctvyork But, if the ncn'cs are not 
all mtenvov cn in a sort of spidenveb, how arc impulses transmitted 
from one to another? Ford tiioughi Uiat the processes of die nerve 
cells might touch like leaves on a tree But both His and Ford 
merely offered hypotheses, Uicy did not claim to have found objec- 
tive evidence to substantiate their views Golgi, however, reported 
careful investigation and ohscrv'ation as the basis for his sponsor- 
ship of the network tlicorj^ To refute him, one would have to 
prove diat Golgi had actually observed, without realizing it, free 
nen'c endings and also overlapping parts where the cell processes 
came into contact wath one another 

This was precisely what Cajal set out to do, and he did succeed 
in furnishing objective proof of the theory advanced by His and 
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Forel With his discovery of the baslcet cells and the climbing 
fibers, he showed that definitely hmited conduction paths exist in 
the gray matter, even though cells often do malce connections with 
other nerve fibers commg from many sources This conclusion, 
which he calls the law of transmission [of the nervous impulse] 
hy contact, was substantiated by the mveshgations on the retma, 
the optic centers, and the spmal cord mto which he now plunged 

It IS difficult today, now that his findmgs have become a basic 
part of neurology, to reahze fully how ongmal and significant they 
were Cajal’s discovenes, hinted at in the modest papers he pub- 
lished m these years, were so much at variance with the current 
views on the essential construction of the hram that his observa- 
tions were discredited by many mvestigators It did not help any 
that these unorthodox views came from Spain— a country that had 
produced no great scientists for centunes, had never been out- 
standmg m science at any time, and pohtically was a third-rate 
power, if even that But m spite of his detractors and those who 
paid no attention at aU to his discovenes, he had demonstrated 
beyond a doubt the fact that the principal element m bram tissue 
IS not nerve fibers, as had been taught up to that tune, but nerve 
cells 

It had long been knovra that nerve cells were connected with 
some nen^e fibers, and it was knovra, also, that when these cells 
died, the fibers attached to them died too To explam this, it was 
said that the cells m some mystenous way had something to do 
with the nutation of the fibers, and when the cells died, the fibers 
died of starvation The true state of affairs, as Cajal pomted out, 
IS that the cell is the important part of the nervous system, the 
fibers bemg merely outgrow^ths of the cell He showed each nerve 
cell to be a distinct entity, its prolongations touching but not con- 
tinuous with those from other cells This was a completely new 
idea, smce up to this time, as was said earher, the fibers were 
thought to be continuous with other fibers, fomung a labjuantb of 
mterconnection 
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AK) n wns Innq ’siippo'^cd, hcforc Cni.il, ilial the ncn'c fibers 
nn down from the lirnin to the muscles and tint those fibers 
along which vonsaiion tr.nels from the skm or sense organs to the 
hnin were imintomiptcd ]nthwi\s Cajal’s researches showed, 
on the contrarv . a venes of nerve cells, following one another from 
the ccntnl nen ous sv ciem out to the skin and muscles At certain 
jximts. the hnnchtd ends of iIkwc nerve cells touched one an- 
other But the none fillers ainchtd to the cells, their prolongations 
or proces'-cs, were insulated from one another, except at the ends 
of the fibers Idicre insulation was lacking, and the nen'ous im- 
pulse traveled from one cell to another through these terminal 
contact points The ncn’c cell, with its branches, was giv'en the 
name "neuron ’ hv Profc'ssor Waldever of Berlin and the neuron 
thcon lie'camc the conierstonc of all later study of the intimate 
sinicturc of the nervous sv stem 

Catal’s concept that the nen ous sj'stcm is made up of individ- 
uallv distinct connecting ncnc cells, the neuron doctrine, is fre- 
qucntlv atinlniicd to \^^aldc)cr even today, many years after 
Catal’s death, and was often so attnhuted during Cajal’s lifetime 
Although C-ajal was alwavs more than willing to giv'C full credit 
to the work of other investigators, he did resent the attnbution of 
his doctnne to the German anatomist, whose researches had never 
cv cn touched the subject Cajal had devoted most of his life to con- 
firming his earlv thcorj', Waldcycr had merely written a rdsumd 
of Cajal’s ideas and had coined the word "neuron ” 


CAJAL EMEnCES EIIOM THE LABORATORY 

Emboldened by his proved observations and fired with the wish 
to make Ins findings widely known, Cajal began to seek a way 
to get his views a heanng He knew that pitfalls lay ahead He 
W'ould be blocked by those who had accepted as established the 
reucular hypothesis which he was about to overthrow The fol- 
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lowers of Golgi, m particular, were bound to be combatants, even 
though Cajal was ready to give full credit to Golgi for his real con- 
tribution to minute anatomy before he had abandoned the field, 
and to acknowledge to the world that without the chrome-silver 
method mtroduced by Golgi his own discoveries might not have 
been made 

He wondered why he had received no comment from the profes- 
sors to whom he had sent copies of his Revista, published with such 
effort and at such a sacrifice m money, a commodity of which he 
had exceedmgly httle He scanned the publications of 1889 for 
some recognition of his work, but it was either not taken mto ac- 
count at all or passed over contemptuously as of no importance 
But Cajal was a fighter— had always been He was determmed that 
his observations should become known and justly valued He 
planned his method of attack Two courses were open and he 
adopted them both first, to translate his most important papers 
mto French (he realized that most European saentists outside 
Spam could not read Spanish) and to pubhsh them m the leading 
German scientific penodicals, and second, to demonstrate his best 
preparations personally to the outstandmg scientists m his field 

The translations were begvm immediately and were energetically 
earned out. But it was the second course that was to prove more 
immediately frmtful— the direct, objective demonstrations He 
became a member of the German Anatomical Society For all his 
sohtarmess and his devotion to pure research, Cajal had enough 
practical sense to realize that it is the part of wisdom to exchange 
ideas with one’s colleagues and to get to know those with whom 
one may have to contend Through such relations bitter nvalry 
may be softened to mutual esteem and may even lead to cordial 
collaboration m tasks too vast for one man to cope with alone So 
he broke his monastic rule of reduemg soaal mtercourse to the 
barest minimum 

The German Anatomical Soaety was holdmg a meeting at the 
University of Berhn early m October of that year (1889) This 
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to witness a fiasco were shaking the courageous Spaniard hy the 
hand 

"How did you get such preparations?” the observers demanded. 
"We have toed the method of Golgi again and agam and got only 
failures ” 

Cajal tned to explam m his hmpmg French the httle secrets he 
had found out m handhng the chrome-silver process, the practical 
rules by which it could be made less unreliable 

Kolliker was enthusiastic He took Cajal to dinner at his hotel 
and later introduced him to the chief histologists and embryol- 
ogists at the Congress “I have discovered you,” he said, "and I 
want to make my discovery knovm m Germany ” He wrote Cajal 
soon after his return to Barcelona “You deserve a great deal of 
credit for havmg used the quick chrome-silver method on young 
animals and embryos I shall not fad to make your admirable work 
widely known I am glad that the first histologist Spam has pro- 
duced is a man as distmguished as you, a man worthy of the 
nobdity of saence ” 

In 1890 and the foUoiving years a senes of articles confirmmg 
Cajal’s work would be pubhshed m the pnncipal German scien- 
tific journals, especially m that of which Dr Kolliker was editor, 
the Zeitschnft fur vnssenschaftliche Zoologte It was unquestion- 
ably due to Kolhker and to his enormous prestige that Cajal’s ideas 
got so swift and receptive a heanng Yet only a httle whde before, 
KoUiker had been a firm behever m the network theory* His mtel- 
lect was flexible enough and his character big enough to enable 
him to abandon it and to proclaim the new concept— Cajal’s theory 
of contact and of the neurons as separate, mdependent entities He 
even learned Spanish m his old age and translated some of Cajal’s 
articles himself To Cajal, m his profound gratitude, KoUiker 
would always be the “glonous master ” 

It was at the Congress in Berlin that Cajal met Retzius,^^ pro- 

Magnus Gustav Retzius Ci 842-1 9 19) Swedish histologist 
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fessor of anatomy at Stockholm, the German embryologist His, 
Waldeyer, professor of anatomy and histolog)' in the University of 
Berlin, and van Gehuchten,^" dien a young professor from the 
University of Louvain On his way home, he stopped over at 
Gotungen and there met another distinguished scientist destined 
to be his fnend all his life— Dr Krause— who gave a dinner in his 
honor and showed him tlie sights of the towm Again, on the home- 
ward journey, he stopped for a glimpse of die Alps and Lucerne 
and of Tunn, Pavia, and Genoa At Pavia he did not meet Camillo 
Golgi, who was in Rome performing his duties as a senator Cajal 
was disappointed at dns and felt in later years that if he had met 
Golgi at dns time and had been able to express to him in person his 
warm appreciation of his work, mucli of the controversy that was 
to rage betiveen them later could have been prevented 
His tap had been nch in results— far ncher than his high hopes 
had anticipated He had won recognition, made lifelong fnends, 
broadened his oudook immeasurably He was astonished at the 
educational conditions he saw in other lands In Germany no 
standardized cumculum controlled by the state prevailed, with 
no competitive examinations for positions Accustomed as he was 
to the centralized Spanish system, a close imitation of the French, 
he could hardly conceive of such a thing And in Italy he found 
that famous men were earning salanes worse than those given for 
comparable work even in Spam This too was a surpnse He came 
to the conclusion that the cultural supenonty of the German, 
French, and Italian universities stemmed solely from the men 
who taught m them, not from the educational system or the re- 
sources afforded them, which were httle better i an m his own 
homeland 

Arthur van Gehuchten (1861-1915) Professor of anatomy at Lou- 
vain 
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NEW STUDIES OE THE EMBRYONIC 
DEVELOPMENT OF THE NERVOUS SYSTEM 

Cajal returned to his work in Barcelona with new ardor— more 
than ardor, a kind of fren2y Now he had found his path He 
worked every day from nine in the mommg until midnight and it 
was rapture Not only was his saentific Lent findmg satisfaction, 
his artistic dnves were unleashed as well The dehcate configura- 
tions of the brain cells wove patterns of ineffable grace, at which 
his breath came sharply as he bent over the microscope He made 
exquisite drawmgs of the new and ever vaned designs etched hy 
his silver stam And the thrill of discovery! To him it was hke find- 
mg imcharted islands or vugin forests that had been waitmg from 
the begmnmg of time for someone to look upon their beauty His 
exatement at findmg out some new fact would keep him awake 
at night, or exhaustion would tumble him into a dreamless sleep 
from which he would awake with the solution of a hitherto un- 
solved problem clearly sketched before the eye of his mmd 

This was the bnght side of the picture There was a darker side 
For family troubles had come upon Cajal heavily m recent years 
His eldest son, Santiago, was stncken with typhoid, which had 
left him with a heart ailment and mentally retarded A daughter, 
three-year-old Ennqueta, became a victim of menmgibs After 
long vigils at her bedside, watchmg the little face grow thinner 
and more withdrawn, sick with worry and heartache, he would try 
to lose himself m his work One night m 1889, when Ennqueta 
was dymg, a new truth flashed upon his mmd— his theory of the 
dynamic polanty of the neuron, a theory which he would put to 
the test m the years to follow 

The year 1890 was given over to the study of the development 
of the nervous system m the embryo— first of chicks, then of mam- 
mals This was a subject that was tied m a knot of confusion The 
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point jliat mo*;! needed clarifying was How arc the ncn'cs formed 
and In what means do tlic a\ons connect, without errors and wan- 
denngs, with tlic motor neurons of the muscles and glands or the 
neurons connected with the sense organs^ Tlicrc were two con- 
flicting thconcs about this According to the Gennan neurologists 
Kupfl'er,’'’ His, and Kollikcr, the primitive ncrv'c cell in its early 
development gives off a kind of hud, which later hccomcs the 
axon Tins, they Ixihcvcd, grew freely through the tissues of the 
Ixidv until It reached the tcniunal (the ncn'c of muscle, gland, or 
sense organ) with vvhicli it was supposed to connect Others be- 
lieved that the pninitive none cell did not grow freely but that it 
went through a numlwr of incomplete divisions For instance, 
after the first division of the cell with its nucleus into two cells 
with their nuclei, one cell would migrate to the central nen'ous 
sv stem (for example, to tlic spinal cord) while the other cell would 
sta) at the surface of the l>ody, constituting the first stage in die 
development of a sense organ Finally, dirough more and more 
cell divasions, the long chain of the ncn'c fiber would be dcv'cloped, 
bndging the distance between the first two cells Cajal’s investiga- 
tions, throwing new light on dais debated issue, definitely and 
conclusively supported the thcoiy of Kupffer, His, and Kolhker, 
establishing as a fact die essential oneness of die nerv'e fibers and 
dicir dendntes His obscnations of the cluck cmbiy'o the second or 
third day after incubation showed clearly that the primitive nen'e 
cell first sends out its axon and later produces the dendntes with 
their branchings Axons and dendntes are attached to die cell 
body, grovvnng longer and longer until their adult size is reached 
and finally connecting with dieir proper terminals His had guessed 
this essentially, but with the cruder technique of his day xvas un- 
able to see It actually happening He therefore could not proclaim 
his theory as a certainty But Cajal could and did see a nerve grow- 
ing m die embryo of a three-day-old chick, the bud that was to 

Wilhelm Kupffer Ci 829-1 902) Anatomist of Munich 
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become the axon looking like a soft, flexible battenng ram, ever 
pushing forward to its destination Because it had a conehke shape, 
Cajal called it the growth cone Today it is accepted as an estab- 
hshed fact in the development of the nervous system He was 
dehghted with this discovery, for it enabled him to prove that his 
shrewd guesses of a few years before had been m the nght direc- 
tion 

ITie more he observed the elaborate, though sometimes seem- 
mgly gropmg, stages hy which the development of the nerves un- 
folds, the more he was led to wonder what mystenous force 
prompts the buddmg and growth of the axon and impels it to 
beat Its way implacably against every obstacle m its path What 
causes the cells and fibers to travel m predetemuned directions 
and finally to estabhsh those connections which make the whole 
an almost miraculously effiaent functiomng imit? To answer this 
question he would later propoimd his neurotropic theory 

Cajal speaks of these fruitful years, 1890 and 1891, as his Palm 
Sunday In them he had already, at almost the beginning of his 
researches, enormously ennched neurological knowledge and had 
proved the usefulness of Golgi’s sdver stain Many learned men 
of the day, in Germany, France, Sweden, Switzerland, and even 
Italy m spite of Golgi’s opposition, had already accepted his neuron 
theory and regarded as disproved for all time the long-established 
reticular hypothesis with its concept of a vast spiderweb of nervous 
interconnection 

No one was a warmer advocate of Cajal and of his contributions 
at this penod than the young Belgian van Gehuchten, who later 
contained his work and became a scientific leader in his turn It 
was largely due to his mfluence that Cajal’s discovenes became 

One end of the axon resembles an ameba in its form and movement 
According to the modem view, it is at this end that growth occurs dunng 
the development of the nervous system m the embryo It lengthens hke the 
temporary protrusion the ameba puts out Cthe pseudopod) to serve for 
purposes of feedmg and locomotion 
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known in France, Belgium, and Switzerland Professors Waldcycr 
and Ills spread Gajal's teachings throughout Germany Rctzius 
in Sweden eagerly accepted his doctrine that the nen'ous impulse 
IS transmitted from one neuron to another by contact Rctzius’ 
ow'n expenments had proved to liim that the axons never form a 
net hut end freely and enter into contact at their terminals with 
the dendntes of other ncn-c cells Soon these findings w'cre to he 
reinforced hy Lenhosst^k of Basle In France, Dr L< 5 on Azoulay 
corroborated Caial’s discoveries in the ccrchcllum and spinal cord 
and Iwcamc his official French translator Professor Matliias Du- 
val of the Faculty of Medicine of the University of Pans made 
huge wall charts of the drawings in Cajal’s publications and would 
introduce liis lecture on the nervous sy’stem with diis gracious 
touch "Tins time light comes to us from the south, from Spam, 
the country of the sun " 

But all was not to lx: clear sailing TIic field of scholarship and 
sacntific invcsugiuon, like all other fields of human enterprise, 
has Its petty competitiveness, its frenzied rivalries, its implacable 
grudges and hates For Cajal this was to show itself m Ins long 
polemic w idi Camillo Golgi and Ins followers throughout Europe. 
In a sharp tone, at about tins time, Golgi claimed to be die first to 
have discov'cred the adjustor neurons of die spinal cord (a discov'- 
ery' Cajal had made independently), calling attention to three 
lines of his in an unknown and unattainable Italian publication 
of 1880 Cajal acknowledged Golgi’s priority' in a polite note, in 
which he said he was sorry' that such an important discovery 
should not have had wider publicity Cajal’s amonr fropre suf- 
fered something of a jolt from this encounter even diough he had 
discovered many other fairly important structures about which 
there was no dispute 

Michael Lenhossdh (1867-1937) Hunganan anatonust 

Mathias Duval (1844-1915) French anatomist 
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THEORY OF DYNAMIC POLARIZATION 

Tece question that had presented itself with renewed force to 
Cajal as he hent over his preparations m the hght of the micro- 
scope on the anguished night when htde Enriqueta died was an- 
other enigma of the nervous centers It was What direction does 
the nervous impulse take withm the neuronf* Does it pass on to 
Its destmation m one direction, or does it spread out m all direc- 
tions like the waves of sound or hghtl’ On this as on most neuro- 
logical pomts at the time there was a difference of opmion, witk 
nothing certam on which to base a solid conclusion 

Cajal’s mvesUgations of 1 889 and 1 890 on the retina, the olfac- 
tory bulb, and the cerebellum and spmal cord suggested that this 
problem— the direction m which the nervous impulse travels— 
could he approached from a new angle In his studies of the vis- 
ual membrane and the apparatus of the nose he had aheady ob- 
served that the thick processes of their cells closely resemble the 
dendntes of the nervous system as a whole These thick processes, 
he noted, seem always to be directed toward the outside world and 
always conduct nervous impulses received from outside toward 
the cell body On the other hand, the axons of these same cells 
were directed mward toward the central nervous centers He be- 
hoved the same to be true of the axons and dendntes of all nerve 
cells but had not suflBcient proof yet to formulate a hypothesis 
Aided by his brother Pedro, who was making a study of the 
nervous system of the lower vertebrates, Cajal delved mto the 
problem more deeply He soon found abundant proof of his new 
theory, proof shortly to be accepted as vahd by many neurologists, 
among them van Gehuchten, who had onginaUy criticized it some- 
what harshly (Later he was to claim the idea as his own') The 
new pnnaple that Cajal laid down was this The nervous impulse 
is always transnutted from the dendntes to the cell body, then to 
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llic a\on, wliicli carrier it. toward the dendrites of a neighbonng 
neuron Ever)’ ner\e cell, then, possesses a receiving apparatus, 
the dcndnics and the cell l>ody, and a transmuting apparatus, the 
a\on. and finall) a distnhuting apparatus, the terminal branch- 
ings of the nciae fiber Tins unchanging direction in the course 
of the impulse implies a kind of pennanent onentation, some- 
tlung like die attraction of the magnetic pole So Cajal called the 
pnnciple he had formulated die theor)' of dynamic polanzation 
Later he corrected the thcorj to make it more precise and to take 
into full account ccnain c.\ccptions he encountered in his further 
researches hut essentially it remained the same 

Returning to his study of the retina and ipplying his newly 
discoicrtd principle, Capl now found in fishes and mammals two 
t'^'pes of bipolar cells, hitherto undifTerentiated, forming the 
channels from the rods and cones of the retina and leading toward 
the inner nervous centers Two tjpes of cells were demanded by 
reason, for the cones had long been known to be involved in color 
Msion and the rods in night vision, in which color is absent If 
impulses of both ty'pes were transmitted over the same channel, 
these two contradictor)’ impressions would blend and mi\ and 
would not be shaqilv distinguished from each other, as w’e know 
them to be But not before Cajal’s work had it been showm by the 
microscope that two separate and distinct channels actually do 
exist in the retina of man and of certain of the animals Having 
made this important contnbution, Cajal plunged headlong into 
the study of the delicate structure of the cerebrum, the brain 
proper, tlie highest, most subtle, and most inaccessible of the nerv- 
ous centers As a rcw’ard for his hardihood, he clanfied a number 
of important points about this dark maze 

By tlie end of 1891 he had assembled enough matenal from his 
ongmal invesUgations to w'nte a book Tlie chief ideas, with many 
of his charts and diagrams, were published m a senes of articles in 
the Bevista de ctenaas medteas de Caiahriia m 1892 They were 
Cells hanng wvo processes 
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straightway translated into several languages, the German trans- 
lation being made by Dr Held, one of the leadmg histologists of 
Europe The French version, Les nouvelles ideas sur la fine anato- 
mie des centres nerveux, was made by Dr Azoulay, with an mtro- 
ducbon by Dr Mathias Duval of Pans It created a sensation and 
two editions were exhausted m three months So Cajal decided 
he would gather together mto one volume the results of all his 
researches on the structure of the nervous system of all the verte- 
brates This formidable project exacted ten years of toil and 
resulted m the classic El sistema nervioso del homhre y de los 
vertehrados (The Nervous System of Man and of the Other Ver- 
tebrates^ 

His work now had to be interrupted by his need to study for the 
exammation by which he hoped to win a position as a professor in 
the University of Madnd The preparation for the tests and the 
necessary joumeymgs to the capital robbed him of the inner peace 
and the sustamed concentration his researches demanded He left 
them reluctandy, but his months of study were crowned with tn- 
umph, for he was unanimously elected Professor of Normal His- 
tology and Pathological Anatomy at the College of San Carlos His 
sixty published works did their share in gaining for him this hard- 
won success The appomtment was, as he had known it would be, 
of the greatest importance to his career, only in Madnd would he 
have the opportunity and the resources for the work that was to 
fill the years ahead— to say nothmg of the means to recoup his 
finances, now badly dramed by his experiments, his subscnptions 
to numerous foreign reviews, and the demands of his large family 
“Only in the decorous industry of wnting textbooks,” he wrote, 
“as lucrative for the professors m the capital as it is precanous for 
those in the provmces, did I catch a glimpse of the finanaal se- 
cunty that would guarantee me, along with the precious mastery 
of my time, the supreme boon of mdependence of thought ” Both 
these pnme reqiusites to creative work were now to be furmshed 
him m fair measure 
1 1 5 ^] 



<?. The Ireful S(epvwihcr 


Ort iui ji f?,r yct.in of Ir". r!i’ our'j Oin; ii.irrc<;is, 
'I il f I .'T J ' It rf :.trh o.it af f n{ rritndy rt 
», / M r T p t • r j 4<j fi j tfun . Jjf) for ti In) t*, V7 ns fo 
T/- T, ^f,(( ))<;* j;j?^rri, c!n r \tswu of (ht 
i 

— *;cnc)j*i MiAHj n 
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Gajal had been at the Unnersny of Barcelona five years— the 
best work of his life had been done there— and he had made 
fnends whom he hated to leave Tliey gave a banquet in his honor 
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at the Academy of Medical Sciences of Cataluna, a tnbute that he 
recalled in later years with a glow of appreciation 

On his way to Madrid to take up his new duties, he stopped at 
Zaragoza to visit his parents It was a joy to him to see the pnde 
and happmess his success had brought to his long-sufifenng father 
and mother His former teachers at Zaragoza showered him -with 
their good -wishes and congratulations, and to make just return to 
them he consented to give two illustrated lectures on those of his 
discovenes that had already been corroborated by the foreign 
leaders m histology He gave his lectures at the university, and m 
the traditional fashion his former colleagues at Zaragoza also gave 
a banquet m his honor, -with toasts to his success and to the future 
of Spanish science 


REMOVAL TO MADRID 

So, m April, 1892, forty years old now and the father of six chil- 
dren (another htde girl. Pilar, had been bom m the last year at 
Barcelona), Cajal finally reached Madnd, his portfoho bursting 
■with the blueprmts for new researches He established hunself 
and his family m a modest, almost humble dwellmg that rented 
for sixteen duros a month He realized that carrying out the plans 
wnth which his bnefcase bulged would be a costly matter, and 
he had the education of his large family to think of too Like his 
father before him, he had a horror of falhng mto debt and a con- 
tempt for the pretentiousness many provmcial professors were 
guilty of when they finally “amved” m the capital, setting them- 
selves up m luxury, as he says, “hke Amencan dentists ” 

In new of the work he had m imnd, he was pleased by the im- 
personality of the University of Madnd and the aloofness its pro- 
fessors could mdulge m with impunity, knowmg he would not 
have to dissipate his energies m fruitless soaal gathenngs that so 
quickly eat up time and money to no purpose "Blessed are those 
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who can say no,” he would \vnte later in his Charlas de cafd, "for 
tliey shall live in peace ” Far different were the feelings of his 
fnend and one-time nval, Dr Fedenco Ol6nz, already transferred 
to Afadnd, who was homesick for tlie warmth and gayety of 
Granada 

But Cajal was glad Big cities, because of the distances one must 
travel to get an}nvhere, the many distractions, and the heightened 
tempo tliat insidiously robs one of his energies, are m themselves 
enough to cope with, he thought, and the scientist who wishes 
to accomplish sometliing creative cannot fntter away time and 
strength on recreation "It is true,” he said to himself when he first 
came to tlie capital, "no one gives me a thought, hut in return what 
freedom I enjoy! \\^at a privilege it is to be able to do my work 
when and as I want to wathout clashing \vith anyone*” 

So Cajal started out witli the firm intent not to let Madnd 
seduce him, but even he— disaphned and accustomed to sohtude 
as he was— found it a harder battle than he had expected 

Madnd [he says] is a aty of danger The ease and pleasant- 
ness of social relations, the Wealth of talent, the charm of the caf& and 
the tertuhas, at which many men eminent m pohbcs, hterature, and 
science ofBaate as high pnests, the theaters and a thousand other dis- 
tractions captivate the man from the provinces, leavmg him suddenly 
demagnetized and bewildered The bee is transformed mto a 
butterfly, if not into a drone Philosophy, art, hterature, even politics 
and pastimes tug at his soul with a thousand taut and mvisible threads 
The busy worker has been replaced by the chanmng mtellectual 
Sybante. 

He did win out at last, by stufiBng his ears to the siren song of the 
city and practically becommg a recluse, for which he had to pay 
the mevitable penalty of bemg thought queer, unsoaable, and 
proud “Some relaxation is required,” he presendy told himself, 
"if the mmd is to be refreshed and to broaden its honzons, but 
only when one needs it and not necessarily when others wish it 
Without some 'sanctified egotism’ no one accomplishes any sen- 
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ous work ” So to satisfy his needs and yet to salvage the precious 
hours, he allowed himself two recreations walks about the en- 
virons of Madnd and his club meetings at the caf6 

The artist m him responded to the austere beauty of the land- 
scape about the capital Far from mourning the loss of the verdure 
of the South, he loved the muted gray-blue, yellow-brown of this 
northern scene And the green was not entirely absent— the park 
El Retire and the promenade El Prado he found to he among the 
most lujcunant and colorful spots of all Spain He loved the pure, 
cnsp air, the rugged outlmes^ of the mountams, the rhythm of the 
changing seasons 

SOCIAL LIFE IN MADRID 

In the gatherings of his club he discovered some of his army 
companions of the old days m Cuba The meetmgs m the Caf6 
de Levante sparkled with good fellowship, marred only by the 
grumblmgs of competent yovmg doctors m revolt agamst the vi- 
cious system of promotion by senionty alone It was true that this 
system paralyzed aU mcentive to use one’s full powers to carve a 
career for himself, since such a course was barred, while place was 
held for the idle and the unambitious But m no time at all, Cajal 
found, the young army men had petnfied mto hvmg images of 
the older doctors whose lack of midative they had once so ve- 
hemently resented Gradually Cajal withdrew from this club and 
]omed the men at the Cafd Suizo, a group of professors, mtellectu- 
als, and political leaders The meetmgs took place m the early 
afternoon and lasted only an hour, so that they truly served the 
purpose of relaxation for which they were mtended, without mak- 
mg too great mroads on time for creative work Through the 
meetmgs of the Suizo Cajal widened his knowledge of literature, 
art, and music (The musicians of the cucle at this time were 
carrymg on mtermmable debates for and agamst Wagner, the 
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In 1892 Gijal propounded his ncurotropic thcorj', a dicorj' des- 
tined to prove vastly suggc’stivc to later neurological research 
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Some years before, wbile he was still at Barcelona, when studymg 
the development of the nervous system in the embryo, he had tned 
to amve at a reasonable explanation of why the buddmg axon 
beats Its way so obstinately, despite all obstacles m its path, toward 
Its seemmgly predetermined destination What force impels the 
growmg nerve fibers to follow certain pathways to reach their 
proper termmals) Cajal came to believe that special chemical fer- 
ments are liberated round the cell bodies and the rudimentary 
fibers, ferments which condition the production of the outgrowths 
and their onentation toward their goal He called these neurotropic 
substances (that is, substances havmg an "affinity” for nervous 
tissue) and thought them to be formed by the embryonic connec- 
tive tissue, particularly by the cells of Schwann, which line the 
sheaths of the myelmated nerve fibers These catalysts become 
active also after birth whenever a nerve is mjured and tnes to 
regenerate itself Thus Cajal’s researches on nervous regeneration 
in later years would corroborate these early findings with regard 
to the embryonic development of the nervous system 

In the years 1892 and 1893 he made elaborate researches on the 
retina of fishes and of birds, study of which had been begun m 
Barcelona, particularly the region of the retma most sensitive to 
color A professional animal-catcher kept him supphed with 
snakes, lizards, owls, crows, salamanders, perch, and trout, and a 
fnend m Cadiz sent him specimens of the chameleon that hves m 
the sand dunes of the Spamsh seacoast His notebooks were soon 
filled with sketches He used this matenal m one of his most im- 
portant pubhcations, a volume of observations first pubhshed m 
the Belgian review La cellule and later translated mto German 
In addition to these detailed mvestigabons on the retina, he 
made a study of the hippocampus, the ndgehke structure m the 
temporal lobe of the bram (Its name is denved from the Greek 
word for sea horse because the hippocampus has somethmg of the 
shape of a sea horse, with its large head and long, curved tail ) 
Though largely vestigial m man, die hippocampus is a part of the 
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JOURNEY TO ENGLAND 

In 1894 Cajal received a signal honor he was invited to give the 
Croonian Lecture before the Royal Society of London ® His fame 
was indeed spreading and far beyond the confines of his native 
land The discourse called the Croonian Lecture had been msti- 
tuted by an Enghsh scientist for the purpose of bnngmg to Lon- 
don as speaker a scientific investigator who had made some signifi- 
cant discovery, and the honoranum was £50 (then about $250) ® 
Its purpose was pnmanly to stimulate ongmal research on the part 
of England’s own men of science, it was also a means by which 
they could get to know foreign discoverers, hear them explain 
their own work, and evaluate it for themselves at first hand 

Cajal was astonished at this mvitation He had not done any- 
thing of such great note, he thought, that he should be smgled 
out among aU die illustnous men of Europe His natural shyness 
and humility made him hesitate to accept, and he toyed with die 
idea of courteously dechnmg the honor for fear that he would not 
measure up to expectations He was keenly aware that the Royal 
Society of London is the greatest saentific institution m the world 
To become one of its Fellows, to be able to place the vaunted 
F R S after one's name, is granted to very few KoUiker had given 
the Croonian Lecture m 1 862, and the Scandmavian mvestigator 

^ The Royal Soaety oE London is the oldest saentific soaety in Great 
Britain and one of the oldest in Europe, having been estabhshed about 
1660 It gives advice on saentific matters and adnumsters grants for saen- 
tific research To he admitted every candidate must be sponsored by six 
or more Fellows The best papers read before the Soaety are pubhshcd in 
Its Proceedings or in its Philoscrphical Transactions 

® Dr William Croone, Fellow of the Royal College of Physiaans (Lon- 
don), left behind him at the time of his death in 1684 a plan to found a 
lectureship but with no endowment for the purpose Many years later his 
widow provided the funds needed to carry out the plan The first Croonian 
lecture was given m 1749 by Thomas Lawrence 
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1 liv fijnil\ docior nwuted luni lb ii Inv d uigbu r \\ ould gt i Ix-iicr 
and V onld K v.ill ItKikcd aflrr in Inv abviOLe, InviMfe lugged linn 
to leccp: ibe lu>n<n <lone bnn. and be r<c« ned a warni nniiaiion 
fnani Dr Muliael To ur* of the !\o\il Soeitia and an cquallv 
lienirning <nic fo'in Ibofr'vnr C Inrlt v S Slutringion/ .1 leading 
neuTob'go! e\rn tben, ibrnu’b a \omig man, and iodi\ die oul- 
vtanuni'' jdnvjobjti \ of rngland I'lofcwor Sbcmngion milled 
bnn It* vti\ Ti bi> bonvr 

C'anl tanild not 1), rtudnb. <0 lie prepared Inv lecinrc in 
riciicb, Sp nil'll benn loti bide 1 noun in Lngland 10 admii of Ins 
piling biv adtlic v ni ins name mngne* 1 It gnbead logeibcr Ins 
\cn lu'M ptrpiniionv of die ctadulliim, die reiina, die spinal 
cord die olf ’Cion bulb, and '■ticnl odierv, and vet oui for Lon- 
don On die V. av be v{op|ud m Pins 10 vivn bis friend Professor 
Madnas Dm il ami Inv raneb traiislaior, Dr Aroulav, who cor- 
recttnl die runeli of biv divcmirvc, v bicb was cniidcd Ui fine 
struct ur< dn ccu'u s 1 m e it 

He V IS iitleomed to Ijondon b\ Professors Sherrington and 

* Midi-rl r« 'cr (1K57 1007) Pnglish phwmlogist ProFcvvor at Cam- 
bnJec 1 Ic pi i\rtl a latjv pan in the organnaiinn nntl tleaclopincnt of the 
CambntU'c i»o^o,’ir.il ehool I li'i 1 exthook nf l*li}siolog) (1870) became 
a Maml ird wnl m the field 

' Prtjfc or Clnrles boon Shemngton CJ>om 1861) would liimscif gi\e 
the Crooni m Ijecimc three scar- later, in 1807 In 19^2 he and Professor 
Adnan of Camhndgc would dnidt between them the Nobel Pnze for 
medical rr'^atch Dr Shernngion held professorships at Cambridge and 
lateral Oxford, retinng in 1935 lie formulated the general pnnciplcs of 
reflex action and is aferred to bj Professor Asher ns "the philosopher of the 
nervous sa stem ' 

® Pnnied in full in the Proceedings of the Royal Society, Vol 55, 1894, 
and abstracted in die Bntish Medical Journal at die same time 
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Foster and was touched hy the warmth of their hospitahty On 
this visit he also met the distmguished Bntish mathematician and 
physicist, Lord Kelvm He was impressed hy Lord Kelvm’s cor- 
diahty and by the fnendlmess and the unassummg simphcity he 
encountered m all these men, the greatest scientists of their time 

An amusmg anecdote is told of Cajal while he was staymg at 
Professor Sherrmgton’s Whenever he was about to leave the 
house to go out, he would lock his bedroom door and take the key 
■with him His hostess did not quite know what to make of this 
An old Spanish custom, perhaps? But the maid did have to get in 
to put the room to nghts When at last they found another key and 
imlocked the door, they saw at their first glance that the room had 
been transformed mto a little laborator)^ Botdes on the window 
sills, on the chaus, on the flood In the seclusion of his bedchamber 
Cajal was carrymg on a few expenments, no doubt impatient to 
find the answer to some problem that had been plaguing him be- 
fore his work had been mterrupted hy this unexpected tnp to 
England 

Every discoverer invited to give the Croonian Lecture was 
awarded an honorary doctor’s degree hy Oxford or Camhndge, 
the choice of university depending on the guest’s field of endeavor 
In Cajal’s case it was to be Camhndge When leaving London for 
Camhndge, to make sure he would be at the station m time, Cajal 
reached it too early and boarded a tram that left sooner than the 
one he was supposed to take No one met him at the station at 
Camhndge but, m his modesty thinking nothing of that, he -w'ent 
directly to the university and spent delightful hours ■visiting the 
colleges and reveling m their beauty He did not know that a 
luncheon had been prepared in his honor, and that his would-be 
host had been m consternation from the moment he had failed to 
appear at the station when the nght tram pulled in Long after 
the luncheon was over, his fnends found him and set him up m 
lodgmgs in one of the buildmgs of King’s College 

The degree of doctor of science was conferred upon Cajal on 
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Mirch s, IIj'- Iiom*; escorted him to tlic •solemn ceremony 
luld m imcnincrni c?in\( nnon )n)l of tin* SVmic I lou'^c I Ic 
w clrcl.al oui jn jIk Jrnliiiotul ci|i niul };o\\n, winch he tle- 
‘dilx'- \tn vurntihcilK. "i ) nul of icd ioj;i with n 'Special 
cip she 5<ip o{ whitli i< nnwlinl wnh a }nnnnclnl nliaclnnent 
!n\jni, 1 vjinic In r ' 1 h' w I'-nmou*. nul ill ii taw in ilus quaint 
atinr iu martin d down jln .awlr jo the nnn-it of lkciho\cn A 
lorn; dreonre m mrdirv al Latin followtd, in which the *:pc,alcr 
anniMin;K jvnnn <1 out ih it ( 03 tl s ft How conntn man, the Roman 
pi»^j Maitnl vLan in Spun dvmt \ 1 ) 51), would ha\e had 
mmh m common with Im modem hioilur nul would haveappre- 
cntrtl hw \,o*h Im M uii d loi h n! It armtl from c'peritncc that 
little can K •‘ccomph'^hcd in the world without iiKer Tim; w w, 
of txinrr, an allmoon to ('ini '- ti cof ilu '•ihtr •>! un— ciricc m all 
other uxivct*. *^1110: f.inucd \tn> Ititlt in lue life (Dm at this 
pc no! of hw citter Im \eir)\ vihn in Madrid, in a jxi'cition in* 
aohnif’ -’ll enunnoiiv anunini t»f roniine worl, was not more than 
$f!cr) 

At the md of the cttmunw Cijal had to Mgn his name on the 
lono mil t>f honor-with n tjiiill jun w) as not to break the tradi- 
tion Tlun there was a hinqutt at KiniL College and another 
dinner, m the d n*. to follcm, n Dr Michael Tosier's fine house in 
the roiinin 

W hile It C!mhnd''c C'nd atiemletl a ‘cienlific gathering at 
which e hIi iinevtu' iior deinon'-tnted hw distoa erics— the histolo- 
gnts ihtjr miiro'et'pie Heium'', the pln^icwis ihcir new inven- 
tions, the ehenmts wimples of newl\ dneovered substances, the 
hacienologists ‘.jrLtimtns of new germs All this was naturally of 
immtnst. micresi lo him, and, he foresaw, of tremendous educa- 
tion il sumuhis to the students in rcsidenee at the university, for 
in thiswaj the\ gamed direct contact with the greatest scientists in 
Euro]>c and an intimate \ icw’ of their special accomplishments 

Though Cambridge had done him such honor, it was to Oxford 
diat he lost his heart 
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Of my visit to Oxford, that beautiful aty, precious jewel of the 
Middle Ages, where every house is a histone shrme and each college 
nvals a royal palace in nchness and magnificence, I can only say that 
I was overwhelmed by it The museums' the Gothic chapels' the com- 
fort of the students’ quarters' The finest of our educational buildings 
at home seemed no more than a jumble of stones and lumber m com- 
panson with the exqmsite architecture of Corpus ChnsU and 
Magdalen, and with John’s College, half hidden m its mantle of ivy 

One of the expenences afforded him while he was at Oxford, 
perhaps the one he enjoyed most keenly, was a visit to the labora- 
tory of Dr Langley,'^ known later for his discovenes with refer- 
ence to the sympathetic nervous system 

Upon Cajal’s return to London, Professor Shemngton aided 
him m the further preparation of his lecture and had photomicro- 
graphs made of his finest specimens so that they could be projected 
on a screen He also provided his guest with what he needed to 
make large colored wall charts to illustrate his talk With these vis- 
ual aids to help him, Cajal’s lecture was a success in spite of his 
nervousness It was given on March 8, 1 894, at Burlmgton House, 
with Sir John Lubbock as chairman of the session After sum- 
manzmg the newer histological methods that had come into use, 
particularly those that had proved fruitful in his own hands, Cajal 
desenbed the nunute anatomy of the cerebral nerve cells, tracmg 
some of the nervous pathways withm the bram, especially those 
that have to do with the olfactory and visual systems He demon- 
strated the direction of the nervous impulse within the nerve cell 
from dendntes to cell body and from cell body to axon In so 
doing, he explamed his theory of the dynamic polanty of the 
neuron, a theory which has since become an established part of 
physiological psychology 

Two courtesies extended to Cajal at this great moment of his 

hfe remained ever afterward in his memory the directors of the 

/ 

■^Jobn Newport Langley (1852-1925) Professor of physiology at 
Cambndge Umversity 
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mcriint; hid hid ';miimiric'; of Iw; chitf jxiinis printed and caJi 
liMmci l)id 1 o^jn tnrjinc< at f-tlu <pnch pnigri-vHcl, and nhoic 
t)it" ’■pnlcj'v pliifonn tin flit "-of (tjoit Hnt nn and Sjiam hung 
<>.dc h\ ’^:dt 

lltr iinhT-vulrvj and other '^pimdt nprcetntainc; at 

the cinhi' a v eir pji'int it thi Irtiuu and congratulated him 
i.mnlvwlnn )n'■^J'r^ih im^ < 1 ojk ('ijil teae oitru helmed hy a 
etnrv of fomnl dmnet^ m hie honor, the moet imjinrtani Ircing 
the hmcjuri i^nrn h\ tin Hu\ d 'e(xut\, at v.hieh heart) toaett 
V err dtunl t<i Sjnnoh md Ihitrh ••eu nee and to the laetmc Irond 
of fnenthhijr K tie ( rn tin m Dr I'o'-ti r pt ppt re d hie after dinner 
ept'tch V ith \\iit\ etniiteeue tt> the tfft'Ci lint, thmle to Cijal'*; 
rrecuehe', the jinienu tnhli fore et of the nc ramie e\ eiem had l>ecn 
conae’iieal into a v.rll laulout parh, and that hie etudiee had huilt 
up 0011111X11111’ colliM iK and motor end platt'e hetv een the eoul 
of Spam ami the '^lul of I'ngland, fonnerU 1 ept apart h\ ccnturice 
of mi-aindemnding iiul iridilTcance. 

\t anoiher dinner line one held at the Spanieh cmhaee^, the 
nmhiee-’dor. Don Cipinno de Ma/«, lanehed euch praiec on his 
countniinn that Cud v. lealnunt ie>o emharneeed to tlnnl him 
dn all m\ tnirle alvim the v.oild,'' Don Cipriano said, "there 
ha\e heeii three occiemns v.heri I have l>cen elceply impressed 
on Mev.mt; Xngira, on \ieitmt; the Cediscum at Rome, and on 
heicmng to Caial'e speexh l>eforc the Ro\al Society” 

W'lien all the ce.lehntmg \ms over md Cajal could settle down 
to some real jkicc and tnjo\mi.nt, he Msiicd London's points of 
mterrsi— rhe Rriiish Museum, the Cr)’snl Palace, and Westmin- 
ster Ahl>ev, where he Ixiwtd his head in rcicrence before the 
tombs of New ion and of Danvin He visited the schools, labora- 
lones, and hospitals of Ijondon as well 1 Ic was deeply interested 
in the experiments on animals lieing performed at this time by the 
English ph)siologists, in which portions of the nervous s)'stem 
were removed by delicate surgical procedures The experimenter 
llien made a careful study of the reactions of the animal after it 
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was thus depnved of essential structures By this means it was 
possible to amve at more accurate knowledge of the specific func- 
tion of these structures and of their relationship to the nervous 
organization as a whole If the animal was to survive such exten- 
sive operations on mechanisms of vital importance to its fife and 
Its normal activity, the surgery had to be done with consummate 
skill One such expenment performed by Professor Ferner ® on a 
macaque made an unforgettable impression on Cajal Both occipi- 
tal lobes of the brain were removed and with such dextenty, such 
absolute cleanlmess, and such control of blood loss, that the ani- 
mal lived through it, and, as a result, the investigator could ex'plore 
the nervous degeneration that took place m its functionmg pro- 
gressively as other structures withered away Ferner was to be- 
come one of the chief saentists associated with the localization of 
the sensory and motor areas of the human brain 

While on this visit Cajal was enthusiastic at what he saw of the 
English educational system, but his ultimate judgment was that 
It was directed rather toward developmg men than developing 
scholars Though England has produced many great scientists, he 
felt that they owed htde to the universities, they were, rather, 
"pnvileged minds” who blazed their own trails without being 
deeply influenced by the formal cumculum from which they had 
emerged In this sense, he found the Enghsh investigators to be 
far less the product of their schools than the scientific geniuses of 
Germany were of theirs More scope was offered by the Enghsh 
system for individuality, while the German system, with its ngid 
discipline, instructed more and educated less Perhaps, he mused 
to himself, the perfect educational system would be a balance 
between the two 

® Sir David Femer (1843-1928) British neurologist Professor of medi 
ane and neuropathology at King’s College Did outstanding research on 
the physiology of the hrain, particularly with reference to the localization , 
of cerebral functions and on the removal of brain tumors fiis Crooiuan 
Lecture on Cerebral Locahzatton appeared in 1 890, his Regional Diagnosis 
of Cerebral Disease in 1910 
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u\cu uosn AM> AT wonr acain 

T ju IKm U'-n'v f>i 'amKl i tlrnn plicc nficr Gij.il's 

rnurn fjom 1 1 Ir *-lnuhli n <1 nt llir '.ij’hi of die mindiacKlc 

IniiliJirn,'. in Ind u]>ur jIk' nnlui’unic Colli i,c of S.m Cirlos, the 
d'inl Clnncil lln'j'inl, thr tin\ iH^tmail puiltn, nntl the neg- 
Kxicd Mii'ium of Nntntil Ui'-torv, '■lejvhilci of the unncrsity 
1 Ir v> ’k dcj ic ' ril tnent th Ml c\cr K fore In the thtcrkkk prnnie 
dnilhnrk arul thin \ li'ileiin: hou^ok m v.lm.h the knulcnti Intel, 
ni'h fir tno.r frrriiuin to jm iml come tlnn n ik for tlieiroun licst 
jnlcjc-' Hr V •’* '^(hhnnl loi In the kiHit of thr profcikor*; kU- 
tiin: "“lo 'f fnan one nn iher nul from the ktuili ni Ixxly, "hi e owls 
m •* KUn. v.iihtnit ton of tint kpirii, <o nnrhtil in the I'nghsh, 
of V o:l mo 'lur for i common cniiqnre hig enough to tlroun 
oui pc I'.e ;( ill u r irtl r\rn hitttr pi r^oml rmlnts 

C'rnl li 111 not Kr-cn "ihli i<> inmnmrt his rduni, nntl ns he 
<11 j'jicxl “rro k the iloon ii of hn houM In w nk filled with mikgiv- 
in*'k How h *d thnu'k I'lin nt hoim v Iiiie he wns nw i) licing 
ftitd' I low h >d ])ik thurhicx* illness gone'' 1 Ind hik wife’s cheer- 
ful Jei.rrs Kell wntrtn rm nU to dispel his worries while he could 
do nrj'hini: to In Ip' Ihit dl wn^ well 1 lis dnuglucr, though pnlc 
nnd wt il V IS on tlu tt id to re*co\tn I'lir nt\t dnv there was a 
tolls tinii. with ill tlu ehildrtn noisiK crowding alxiut-to sec the 
i;iftk he hnd hrouoht h-’cl fioin Digl ind To his surpnse, he found 
tliein n hit hksil il>out gifts— during his nlisence the wife of his 
fnind Don I'lcundo l^nno, sMupuhi/ing with the children and 
their nioilur in ihtir months battle with illness, had showered 
them with prt‘stnts' 


NHW’ nrsHAncitrs am) punLicATiONS 

It WAS NOT LONG Ix'forc C ijnl settled hack into the old routine of 
quiet hours of sohtar}', enraptured work in his laboratory' Tlie 
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problems he was grapplmg with were of ever mcreasmg complex- 
ity, for his mquines had now taken him mto the medulla, the 
pons, and the thalamus 

By adroit use of the same method that had proved so rewardmg 
with relatively simple structures— the method of Golgi, applied to 
animals m vanous stages of embryomc development— Cajal reaped 
the same success as before, findmg that his laws of contact and of 
dynamic polanzation prevailed as much here as m the nervous 
centers mvestigated earlier This is his general summmg up 

The well-known philosophical dictum “Everythmg is one and the 
same” applies particularly to the structure of the nerve centers Led hy 
motives of ngid economy, Nature loves to repeat herself If it were not 
for these fortunate uniformities m life, science would not be possible. 
The logical mmd denves a measure of comfort m finding that the 
organizmg pnnaple of life adopts the same method for the same ends, 
and, in this, man’s hunger for srmphcity and imity is somewhat ap- 
peased "Unity of plan with mfinite vanety of form” is Nature's watch- 
word Like an architect, she conforms to the general hnes of a certam 
style but reserves to herself the nght to vary the ornamental touches 
mdefimtely As a result of this unendmg vanadon, the task of the m- 
vesdgator is far from tedious or monotonous. For it is by just these 
unexpected and mgemous adaptations with which Nature modifies 
each mdividual of her creation, without violating her general rules, 
that cunosity is fed and the sacred fire is kept bummg m the mmd of 
the scientist. 

Unfortunately, I reached the imne a little too late for discoveries of 
the fiirst rank Edmger,® van Gehuchten, and espeaaUy Kolhker and 
Held had been there before me m successfully applymg the method of 
Golgi to the structural analysis of the nuclei of the medulla oblongata 
and the pons Thus I had to glean m a reaped field Stdl, I did gather 
somethmg It was an exactmg, unassummg piece of work of perfectmg, 
amplifymg, and descnbmg mmor details, considerably more labonous 
than brilliant 

® Ludwig Edmger (1855-1918) German neurologist 
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Of iiow in\ich of CnjnV*; work can tin*; he '^aicl' Ycl how' *;ignificant 
for hicr R'varch wore tlic'-e -^anic nn'^pcctacular details garnered 
waili <nicli indcfaiigihlc patience 

’llicNcars iSq^ and 1895 vtwa nninlx.rof publications of inter- 
est to spt'cialists in lnstolog\ and to anatomists of the nen'ous sys- 
tem T licsc \ cars hmiiqht the fnnis of many conicctiircs and inter- 
prtiations on Canl’s part that later in\estigations and the rapid 
advance of histoloqv, hacieriologv, and einhtyology were fully to 
substantiate Other shrewd guesses hid to l>c discarded as not 
l)omc out when clucked h\ the improved staining methods of 
later vears, which mule more exact \ isualiz-ation of delicate proc- 
esses possible to a degae that could not have been rcah 7 cd by the 
earlier proadures Main of these improvemenLs were the outcome 
of Cajal’s own stmggle's with the methods m vogue in his day 

In iSo^ Cajal attended the International Medical Congress 
held that a ear in Home I le discussed Ivefore the incml)crs the mor- 
phologv of the nene cell and hrought out for the first time the 
fact that inteJlesctual power depends not on the si/e and the num- 
ber of the cerebral neurons but on the richness of their connective 
proccs'scs the complexity of the association areas of the brain— a 
fact now established as one of the fundamental principles of 
psvcholog) 

He had sent to the Congress his first theoretical work, General 
ConsidcraUom; on the hlorphoJopy of the Ncn'c Cell, in which he 
had clalxirated on this thesis Hus monumental study dealt witli 
die law s gov eming the ev olution of the nen'ous system of animals 
and included a consideration of which of the ncn’c centers have, 
throughout the centunes of evolutionary' dcv'clopmcnt, remained 
relatively flcMblc and able to adapt to the changing and more 
complex demands of the higher forms of life, and which centers 
have been, so to speak, petrified into automatic response and 
thereby finished so far as further dev'clopment is concerned His 
observ'ations led him to die conclusion that with the nerve tis- 
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sue, as with physical structures m general, the history of the indi- 
vidual repeats the history of the race 

A second general deduction was that, in aU vertebrates, two 
nervous systems exist side by side The first, he said, is the sensory 
system, which receives impulses from external and mtemal sources 
and transrmts them to spmal cord and bram This has finished 
development m kind and grows only m degree, becommg more 
extensive m the higher vertebrates but not essentially different in 
its nature from the sensory system of lower animals The second 
system is the gray matter of the brain, which is far from finished 
and goes on eternally perfecting itself, not only m extension but 
also m the form and structure of its convolutions 

A third important conclusion was that the neurons of the higher 
vertebrates show their advanced stage of progress by the form and 
the length of their new processes and the muluphcity of the con- 
nections between cells 

The fourth conclusion, resultmg from a companson of the rela- 
tive shape and abundance of the connecting cells between axons 
and dendntes m the higher and the lower vertebrates, was that 
mtellectual power— even talent and gemus— depends not on the 
number of the neurons of the bram or on their size, but on the 
nchness of their connections with other cells, the complexity and 
the mtncacy of the association pathways of the nervous system as 
a whole and of the gray matter m particular A large amount of 
gray matter in the bram of man or animal mdicates such nchness 
of connection and therefore higher mteUect This had been sus- 
pected by such leaders m the field as Meynert and Hechsig,^*’ but 
now It was overtly demonstrated 

Another shrewd guess, thoroughly substantiated by the concept 
of the conditioned reflex of modem psychology, was the idea that 
adaptation, dextenty, the perfecting of a shill through practice- 
such, for mstance, as typmg and viohn-playmg— come as a result 

Paul Flechsig ( 1 847-1 92,9) Abenist m Leipzig 
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of a gradual thickening of the nervous pathways involved in the 
performance of the act, or the formation of new cell processes the 
actual growth of new dendntes and the extension and branching 
of new axon collaterals, making connections between neurons 
that formerly were completely separated from one another 

The general laws underlymg such an evolution seemed to Cajal 
to be (i) conservation of matenal— invanably the shortest path 
between two related regions was made use of, (2) conservation 
of time required for the transmission of the nervous impulse, and 
C3) consen^ation of space In aU his generalizations Cajal kept 
close to the actual facts he had himself observed and did not let 
himself be tempted mto the mvitmg field of pure speculation 
and theonzmg 

In another work of the same penod he did not show such re- 
straint but let his imagmation run not Yet even from this, some 
well-founded, ongmal, and useful concepts emerge— such, for 
example, as the theory of the neural avalanche, which holds that 
every sensation received by the penpheral sense organs is mtensi- 
fied progressively as the impulse approaches the connecting sta- 
tions of the central nervous system, just as an avalanche gams 
momentum m its surge downward from a mountam peak to the 
valley below This thesis was later home out by modem psychol- 
ogy and contnhuted much to the understandmg of the physical 
basis of such abnormal mental states as haUucmation 

In 1 896 Cajal’s activity rose to fever pitch when he returned to 
the study of the retma, one of his most abidmg mterests The new 
contnbution was of an argumentative nature, mtended to dispute 
the theones of certam scientists who were trymg to resuscitate the 
old concept of an mtemeural network To refute his opponents, 
he marshaled an array of new facts denved from his own discov- 
enes While disprovmg the behef held by men of the opposmg 
school that there is fusion between dendntes and between den- 
dntes and axons, he proved these seeming unions to be optical illu- 
sions or the eflFect of the reagents used rather than realities, and 
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showed hy his own demonstrations on the retina of birds clear 
evidence of neural contact 

Cajal next plunged into a study of tumors and cancer and of 
the methods then in use for staming tumorous and cancerous tis- 
sue m an effort to arrive at an exact medical diagnosis He made 
noteworthy contnbutions with regard to skm tumors and the de- 
fenses the body sets up upon its mvasion by malignant new 
growths In the same year he published a paper showmg the de- 
fensive function of the platelets of the blood of lower vertebrates, 
a protective action hke that of the white blood cells, which attack 
the mvadmg harmful organism hy engulfing it, hterally eatmg 
It up 


USE OF Ehrlich's methylene blue 

For many of his researches of the productive year 1896, Ca3al 
turned from Golgi’s silver stain to the stainmg method devised by 
Paul Ehrlich By this procedure the nerve cells can be made to 
stand out sharply under the imcroscope, stamed a deep blue Since 
the stain contains no poisonous chemicals, it can be applied to the 
tissues of hvmg animals without causmg their death Emboldened 
by his first success in using Ehrhch’s method, Cajal deaded to 
apply It to a detailed study of the spinal cord, the cerebellum, the 
cerebrum, and the hippocampus of vanous species of mammals 
By improvmg on a moificabon of Ehrhch’s stam devised by the 
German scientist Bethe,^^ he managed to get sections that showed 
these structures fairly well 

One of the compellmg reasons why he felt he had to succeed 
with Ehrhch’s methylene blue was his eagerness to check, on the 
hvmg animal, the facts shown by the less dependable method of 
Golgi when apphed to dead tissue For although many saenosts 

Albrecht Bethe (bom 1 872) German physiologist, became professor 
of neurology at Frankfurt am Mam m 1915 
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did accept his demonstrations oF nervous struetures as revealed by 
Golgi’s stain, others argued that deposits of silver ehromate might 
make tlie structures look as they did and that they might not really 
be arranged as they appeared to ho Cajal was quite sure that Ehr- 
licli’s blue would substantiate his former findings beyond a doubt 
and thus sound die death knell of die reticular h)q)odiesis, which 
seemed to be so slow in dying But he had to do over again all the 
work he had already done with the silver stain To accomplish this 
with Ehrlich’s method took almost the whole of 1897 His efforts 
were completely successful He not only re-proved the proved but 
extended his researches to indisputable demonstrations of the 
actual structure of the ncn'c cells of die cerebellum, die cerebrum, 
and the hippocampus— all he had set out to do 


SOCIAL CONTACTS IN MADRID 

DtmiNG ALL ■niESE eauli 'I ears m Madnd, Cajal’s teaching and 
research had gone on in dieir accustomed way, interspersed with 
a few social occasions at which he met some of the political and 
educational leaders of his time Castelar was one of them Cajal 
had been an cndiusiastic supporter of Castelar dunng the Revolu- 
tion and It was a great moment for him when he was introduced 
to the “tnbune of the people” by one of his colleagues, J Gimeno 
Vi2arra, a professor at die University of Zaragoza and editor of the 
republican daily newspaper, Diano de avisos The party at which 
Cajal met Castelar was held at the former president’s home m 
Madnd, an elegant house lumished wnth discnminatmg taste 
The mansion of this man of the people could well have been the 
palace of an anstocrat of the monarchist regime And Castelar’s 
demeanor was equally anstocratic Cajal gives a sharply drawn 
portrait of him 

Tike nearly all great men of ability, Castelar was short m stature 
He showed the oh^ty of the gourmand, his head was round and hald, 
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his color swarthy, his eyes large and dominating, his face clean-shaven 
except for an imposing mustache m the style of Victor Emmanuel, his 
voice strong and high-pitched, hut when he spoke he was transfigured 
and acquired -unsuspected elegance and distinction As those who 
heard him will remember, Castelar was not only the artistic, solemn, 
and somewhat theatncal orator of the parliamentary debates— he was 
also a facile, delightful, and picturesque conversationalist He might 
not always convmce, but he always fascmated and charmed His co- 
rehgionists heard him enraptured, and apparently they were whole- 
heartedly convmced by all he said Eloquence is always nght Lulling 
them with his trills, the Spanish canary Cas Tame disdainfully called 
him) inhibited every effort at cntiasm and almost even the faculty of 
thought itself 

I too was ecstatic before that torrent of sonorous words, which some- 
times as they met and combmed in synthesis, companson, or contrast 
proclaimed unimagmed splendors Through that head, overflowmg 
with imagery, the great figures of hterature and of history had passed, 
and there had passed there too, leaving an meffaceable trace, the 
romantic breath of Chateaubnand, Lamartme, Victor Hugo, and 
Michelet 

Upon presenting Cajal to Castelar, Gimeno mentioned the feet 
that Cajal was a high pnest of the world of the infinitely small, a 
worshipper of those tmy cells of which all hvmg things are made, 
and a worshipper, too, of the great genius of Castelar 

‘Tou do well,” said Castelar to Cajal, “to devote yourself to the 
study of the cell Life is a secret and the cell deserves our atten- 
tion, since we carry it within us and it often mfluences our 
actions ” 

Cajal was tempted to reply “No, it is far more than that Those 
tiny cells that hide the mystery of hfe are the whole man m his 
two aspects, mental and physical United by the division of labor 
imposed by the body, they react to the stimuli received from with- 
out and withm, thereby givmg us the illusion that we are free, 
masters of our fate, but actually performmg our actions completely 
by their own mexorable laws ” At this penod, Cajal was an almost 
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coniplcic mnicmliM Inn, rr<|'*ciiinj; Gi<lolir's more spintunl out- 
lool on life, lie n'jin ihi*< tlunii;ht 

He wi': Hitt Join'd 1>\ CiMihrv nnntur ns lie wnlKccl alxiut 
mionc his puosiv. his miu of (hi^nilad niithoriiy shot ihroii£;h 
witli Rislusof wit— 1 wn lint w i< soim unit's Intint; In one of his 
rcnnrlvs Oi'-itlnr shiqilv cntui/id Snlnurond' like Ininself one 
of the pa'sidtiils of tin slinrt h\td ncpiihhc 

SupjMsc. ^nd Cn<-tclir 'dm 1 pm jsoison in llic pohict So long 
as It IS dirir wr are in no dim <*r Hm don t drink ii for tint will lx: 
the end \ on \\V11 thru, th it ]x d im Silnu run is the dcidh jxnson 
of the rrpnhhrin hintpiet 'so long as he sn\<; outside, there is no 
danger hut as vson as we take him in we s,a\ goodlnc to the new 
rcjiuhlic the oiderK ‘titc wt ill long for" 

Gapl was thsilhisinncd Still he thought, though Gnstelnr may 
l>c luinnnK guilta of qmie ft w pretuthccs and some unjustifiahle 
pcitinis-s ntvtnheltss he is .a magician of words, n true patriot, 
and pohiicalK incomiptihlc lie e,\prcssud this judgment to 
Gimt-noon thtirv. a\ homo 
Gimcno smiled tohraniK Idien he said 
‘Tntnd Hamdn, 1 slnre \our enthusiasm Tliere is no doubt 
that, with his great alnlita to win the fa\or of the army and the 
conscra antes, Gistclar might he able to tsiahhsh an ordcrlj, stable 
republic But don’t he tltceiv t d No one here has clean hands Not 
even our luader, though he is less contaminated than most But 
Castclar is a spendthrift, burdened with debts and harassed by 
creditors, manj of them unscrupulous men To pay off one of 
them, a racketeer who owned a gambling house and w'as accused 
of murder, he used his great influence to get him free so that he 
could flee from Spam And I could cite other instances ’’ 

Frugal, honest, heavilj burdened Cajal was astonished How 
could a man whose books paid so well, who was a bachelor, and 

Tliere were three presidents in one year Pf y Margall, Salmcr6n, and 
Castelar 


[175] 



Explorer of the Human Brain 

I 

who was constandy receiving nch gifts from his followers, get him- 
self mto such a financial morass, and how could an honorable 
man use such means to extncate himself^ 

The man whom Castelar had spoken of so bitterly Cajal knew 
only m the classroom 

. . [Sahner6n] was tall, slender, lean, and a htde roimd-shouldered, 
with noble features and eager, searchmg eyes that seemed to look nght 
through one His high skull was hauless as if the fire of thought had 
burned its roots, and his whole person radiated a certam attractive 
simphaty and a goodness and rectitude that would he proof against 
all temptations 

Salmerdn was a wonderful teacher, Cajal thought He used the 
Socratic method, drawmg his students out to express their own 
reactions and to detect the flaws m their own thmkmg There was 
not a trace of dogmatism or of affectation m him He taught 
philosophy, ethics, and logic at the University of Madnd and was 
especially mterested m that branch of philosophy concerned with 
the means by which man gams his awareness of the world Yet it 
was difficult to determine just what Salmerdn's own philosophy 
was Even his disaples did not know for a certamty The most 
Cajal was able to discover was that he had once been an ardent 
Krausist but had m later years become an agnostic The German 
philosopher Krause had taught that God is known to man m- 
tmbvely through his conscience He is not a Person, with all the 
Imutations that personahty implies Rather He is an Essence, con- 
tammg man and the universe withm Himself Krause called his 
philosophical system “pan-entheism,” which means "all m God 
Accordmg to it, man and the universe form an orgamc whole 
made m the image of God It follows, then, that the ideal society 
would be one m which the mdividual man would lose himself, 
with all his greeds and ambitions, m his care for the well-bemg, 
first of his own social group, then of his nation, then of aU man- 
land Differences would vanish as the mherent identity of all men 
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dominated over their dispanty, until in the final unity man would 
be one with God The Krausist philosophy had a profound influ- 
ence on Spam m the latter part of the nineteenth century, though 
Krause is not now recognized as a philosopher of the first rank, he 
had very sound views on education, and the impact of these on 
Spanish life was salutary He stressed the point that the school 
should educate the whole man, not merely the intellectual side of 
him A reform m this direction had long been a crying need m 
Spam For proof, one need only recall the authontananism, the 
ovemgid disciplme, and the utter lack of understandmg Cajal 
himself had suffered from on the part of his own teachers m his 
childhood 

Another professor at the University of Madrid won Cajal’s 
immense regard Gmer de los Rios, who taught legal philosophy 
and jurisprudence Don Francisco Gmer was one of the most 
promment and mfluenUal educational leaders of Spam He had 
come to Madnd m 1866 and had done much to further the re- 
forms m education and m prison law mtroduced by the Revolution 
two years later With the accession of Alfonso XII to the throne, 
the reactionary Orovio was restored to power, and he demanded 
(as he had done before the overthrow of the Bourbons m 1868) 
that aU professors sign an oath of loyalty to the rulmg house and 
to the Catholic Church Gmer was the leader of the group that op- 
posed this measure as mfrmgmg upon freedom of speech and per- 
sonal liberty He was at once depnved of his chair at the university 
and impnsoned, this was one of the first acts of the Restoration 
Pnme Mmister Cdnovas had Gmer removed from a sick bed at 
four o’clock m the mommg and sent under armed guard to a 
fortress m Cadiz 

Gmer and his followers were soon set at liberty but were suU 
depnved of their professorships Don Francisco would not take 
such abuse without a fight Reahzmg that nothmg was to be hoped 

Manuel de Orovio y Echague (1817-83) Minister of Education 
under Isabel 11 
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for from the Government, he and his circle of disciples set about 
the enormous task of trymg to effect reforms through their own 
mitiadve This handful of jobless teachers formed their own 
school, the Instituadn Libre de Ensenanza (Free Institution of 
Education), destmed to be of immense importance to the cultural 
development of modem Spam 

Gmer was a man of great patience and a bom teacher, with an 
admixture of good common sense untamted by personal selt-seek- 
mg He saw clearly that no permanent progress was possible for 
Spam without a complete overhaulmg of her educational system 
He knew that education must not only sharpen the mtellect of 
a man, it must mold his whole nature, broadenmg his sympathies 
and deepenmg his imderstandmg of the problems that beset the 
world Although the Institucidn had been bom as a kind of pnvate 
university, it soon reached down further and further mto the more 
elementary levels, for it was there that its reforming power could 
touch the largest number The school was henceforth to be, not a 
machme to gnnd out mformadon without clear relation to the 
vital issues of hfe, but an environment that would inculcate good 
will, human fellowship, enjoyment of games and sports, love of 
beauty, and appreciation of the arts, as well as a source of mstmc- 
tion m the basic facts and skills necessary for earning one’s daily 
bread 

Gradually the mfluence of the Instituci6n was felt m the offiaal 
umversibes And this was a boon, for they had become mere 
diploma nulls Although Gmer was eventually restored to his posi- 
tion m the University of Madnd, he did not abandon his reform 
program To carry the work from the elementary and secondary 
levels up to the university plane. State funds were essential But 
the reformers were determmed that if these were provided, it must 
be with no stnngs attached, or, at least, without the pohtical 
dormnation that had been the order of the day before the Insdtu- 
ci6n had come mto bemg How was this to be accomphshed? To 
plunge between the two horns of the ddemma, it was finally de- 
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cided that the Government should hand over the needed money 
to an autonomous committee of emment scholars, giving them 
absolute power to plan and direct the university cumculum In 
descnbmg this reform the contemporar)' Spanish histonan Sal- 
vador de Madanaga says this ‘^As if clearly to signify that the new 
institution was to be run under stnct scientific direction, untamted 
by pohtics, the committee was presided over by Dr Ram6n y 
Cajal, the famous anatomist to whom modem neurology owes its 
greatest mspiration ” * Gmer s work had indeed borne nch frmt 

But this was to come in later years In the early days m Madnd, 
before Gmer even knew him, Cajal often went to his classes, and 
once while there he brought up the question of heredity and of the 
cause of death He raised the pomt that natural death is unknovra 
among protozoa and microbes It seems to be the pnce higher 
organisms have to pay for their more intncate stmcture This very 
complexity, in turn, is the result of the necessary division of labor 
among the body cells— the outcome of the early separation of the 
vanous groups of speaalized cells from the germ cell, which itself 
IS virtually immortal, transmitting the charactenstics of the species 
from one generation to another 

This idea, now accepted as a matter of course, was then revolu- 
tionary It seemed to have all the earmarks of saentific paradox 
when propounded to this group of lawyers, and they looked at 
Cajal with astonishment. 

“Who does this fellow thmk he is,” their glances seemed to say, 
"to express such absurdities before the masterr*” 

But Gmer— though, as has been said, he did not yet know Cajal 
— defended the concept and showed that he had read even more 
than Cajal in the works of Weismann and the other proponents 
of the idea 

* From Spcan, by permission of Creative Age Press, Inc , New York, 
and Jonathan Cape Limited, London 

August Weismann (1834-1914) German biologist, proponent of 
the doctnne that acquired charactenstics are not inhented 
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Besides being a remarkable teacher, Giner was a fine orator, 
though not like Castelar a theatncal one His speeches were mas- 
terpieces of logic, precision, and restramt One day Cajal wit- 
nessed an incident that struck him as being the ultimate in modesty 
and mtellectual honesty Gmer s lecture had been carefully pre- 
pared, as always, but after fifteen mmutes his thoughts and expres- 
sion seemed to lose their accustomed clanty and vigor The stu- 
dents were beginning to thmk he nught be ill when he broke off 
suddenly with the words "I cannot go on, gentlemen There is so 
much matenal on this subject that it has muddled my memory and 
I am unable to present it clearly We never talk better than when 
we have studied htde, or worse than when we have devoted many 
morning hours to the pamstakmg preparation of a lecture So let 
us leave the subject for another day ” This observation found a 
sympathetic echo in Gajal He says ‘Tor myself, hke him a galley 
slave to the oar of the daily lesson, I am never more fluent than 
when, after a refreshmg night’s sleep, I improvise a lecture with- 
out consultmg vinth anyone ” But most professors would thmk 
themselves disgraced if they had to present to their students the 
spectacle of not bemg able to fill in their hour of lecture time on 
the topic of the day Most would carry on even if their talk were 
mere ramblmg and mouthmg rather than adimt the truth 


EDITOR AND ACADEMICIAN 

In 1897, at the cost of great personal sacnfice, Gajal established 
his second journal, the Revista tnmestral microgrdfica His aim 
was to get his discovenes pubhshed quickly without havmg to 
wait on the convenience of foreign editors Another purpose of 
the Revista was to stimulate zeal for ongmal research on the part 
of his students, whose worth-while contnbuUons were published 

Tninonthly Micrographtcal Review 
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Works of the Ijihoratorj of Biological Bcscarch 
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finend of his, Dr Lluna, repnnted the Reglos at his own expense 
and distnhuted a large edition free of charge among the students 
of the Spanish, universities 

In spite of his eagerness to promote the cause of pure research 
m Spam, Cajal never mmimized the almost insurmountable ob- 
stacles that lay along that rugged road He himself had wcesded 
with these too long to be blmded by an easy opdmism His esti- 
mate of the toll research exacts and the rewards it offers are 
summed up m these words— m a sense, an article of his faith 
“Nature is hostile to us because we do not know her, her cruelties 
are her revenge for our indifference To listen to her inmost heart- 
beats with the fervor of passionate cunosity is to decipher her 
secrets, to turn the ireful stepmother mto the tenderest of 
mothers ” 

By 1 897, honors had been showered upon Cajal from all sides 
He was elected to membership in the Royal Academy of Medicme 
in Madnd after wmnmg the Rubio Pnze awarded by that Acad- 
emy earlier m the same year for his textbook Elements of Hts- 
tology (He had already received the Fauvelle Prize from the 
Society of Biology m Pans ) In 1895 he had been made a cor- 
respondmg member of the University of Wurzburg, at the sug- 
gestion of his old fnend Kolliker, and some time later he received 
the honorary degree of doctor from this same university Mean- 
while he had become a member of similar societies m Vienna, 
Rome, and Lisbon It was ironically characteristic that his beloved 
Spam should be one of the last to give hun the recognition that had 
so long been his due Not only Nature, but native land as well, had 
proved to be an ireful stepmother, yet one at last to be softened 
mto tenderness 
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Thr) V ill trlJ you to try' to po\ e you arc ripjtl, J tell 
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T n n\tnr iSpS lirouqht wir with the Unital Sntes Wt-ikcncd 
In ci\ il nnd |x)litjnl tunnnji. Spun nllicc! to her aid ali'jurdly 
tmtqin! fora •; Otiil u.t; heimick at the uiiht of Thi'? ‘Struggle 
^C(.^lal to liim not onh dtplorahle Init inline, brought on h\ the 
grml of SpainV induMnil ixportcr;, the rapacity of licr ovcr‘;ca<: 
ttnp!o\ a and tin pndt. and cgotiun of her politician*: 

OccaMOn for u \ms umloiihtcdly gnt-n 1)\ hcrcihtarv defects in the 
national eh meter, among others, a rnisnlnn sense of honor and a 
ariain gtntlennnh piincidioiisness, c\cusahlc in individuals but 
ridiculous in a jK^ople, and contran’ to ihc public interest But more 
than anvthing che we were swept to the cat istrophc by the disgrace- 
ful Ignorance of our alternating jxihtical parties concerning tbc real 
sire ind efficicncv of our own forces and tbosc of tbc enemy For al- 
though It now seems imjaossiblc, deputies, newspapermen, soldiers, 
and mana others at the time honestly Ixilieaed that our machinery of 
war in Cuba and the Bhdippines— \csscls of wood and an army of 
invalids-could measure itself adaantagcously against the formidable 
equipment at the disposal of the opponent A country»’s misfortune lies 
not so much in its weakness as in tbc ignorance of its weakness on the 
part of those whose duty it is to know 
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It IS only just, nevertheless, to recognize the fact that such dangerous 
Ignorance of international truths had its exceptions Apart from the 
masses, who, havmg poured out their blood frmtlessly in two cruel 
campaigns, longed now only for peace, there were, even m the Mm- 
istry, men like Sagasta and Moret who saw the abyss mto which the 
blind greed of the wealthy and the unscrupulousness of the army were 
leading us 

But It IS bitter to recall how pohticians as far-seemg and mteUigent 
as Moret, Sagasta, and Canalejas, filled with the saving truth, m the 
cnbcal hour lacked the courage to proclaim it and to fight the opmions 
of the Crown, the army, and the press So dangerous and difiEcult was 
It to make clear to the eyes of the pubhc, as Pi y MargaU did unflinch- 
mgly, that a nation of lunety milhon mhabitants, with immense 
wealth, mexhausuble resources, and vast military might, was bound to 
crush a coimtry of the starkest poverty with a population of only seven- 
teen million and dramed dry by four devastating avil wars’ 


The Spanish people were not alone in being maneuvered into 
the war by the politicians, the army, and the newspapers Amencan 
leaders, too, m order to turn attention from popular unrest and a 


precanous econoimc situation at home, were busily fostenng a 
pohcy of impenalism This was the expedient many of them 
were clutchmg at m their eflfort to gam or to hold pohtical power 
Impenahstic expansion, as presented to the people by the press, 
had two great appeals First, it would provide profitable markets 
for the farmers’ surplus crops And second, it would fiU the m- 
dustnal workers’ dmner pails by providmg jobs for them m a 
penod of widespread unemployment Many Amencans m posi- 
tions of wealth and influence saw m a foreign war such as this 
one, writh its dramatic crises and its sure victones, an effective 


way of tummg men’s mmds from theu personal troubles and 
from the reform programs that were sweepmg the country, mak- 


mg poor men rebelhous and nch men uneasy 

The Cubans had often before this revolted agamst their mother 
country, and the Umted States had been httle concerned But 
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this time the Amencan newspapers, particularly those published 
by William Randolph Hearst, were filled with gnm reports of 
the cruelties practiced m Cuba by the Spanish generals sent to 
subdue the rebels Some of the atrocity stones were true, some 
were not ^ But all were accompanied by pleas to decent, hberty- 
lovmg Amencans to support the movement for Cuban mdepend- 
ence, at least morally Mingled with these pleas were the cnes 
for help from Amencan investors who owned plantations and 
sugar mills in Cuba, property now menaced or despoiled by avJ 
war 

As a result of all this hystena, the pocket-sized battleship 
Maine was sent to Cuba to safeguard Amencan mterests m re- 
sponse to a secret request from the Amencan Consul-General It 
appeared m Havana harbor on January 25, 1898, when the exate- 
ment over the Cuban situation was runnmg high On the night of 
February 1 5, it mystenously blew up More than 260 Amencan 
officers and crewmen lost their hves The Spanish officials were 
accused of blowing up the Maine, but to this day the real truth of 
the matter has not been told In spite of the surge of pubhc anger 
that followed the announcement of this event, President McKin- 
ley showed clearly that he wanted very much to keep the United 
States well out of the whole Cuban affair In fact, he was so bent 
on his pohcy of nonmterference at this time that Theodore Roose- 
velt called him weak-kneed, a man with the backbone of a choc- 
olate Eclair Paymg htde attention to the impetuosity of Roosevelt 
and his followers, McKmley managed to extract an agreement 

^ In 1878 CMnovas had sent General Valenano Weyler to Cuba to put 
down the rehelhon He attempted to do so by a ruthless pohcy of oppres- 
sion In 1897 President McKinley protested the state of a&irs m Cuba and 
demanded that the revolt be quelled The Queen Regent asked Sagasta 
to form a new administration Weyler was recalled to Spam and Marshal 
Blanco sent to Cuba to take his place Blanco’s pohcy was more conohatory 
and was aimed at the establishment of home rule in Cuba, as advised by 
Sagasta and Moret. This imght have averted the vrar with the Uiuted 
States but failed to do so because of other pressures brought to hear in 
Cuba, the Umted States, and Spam 
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jFrom Spain wlucli promised peace in Cuba and a degree of self- 
government that practically amounted to mdependence 

Yet suddenly and surpnsmgly, on April ii, uatliout fully le- 
veakng to the puhhc the extent of the Spanish promise, President 
McKmley did an ahout-face He ashed the Congress for a resolu- 
tion authonzmg him to send troops to Cuba to drive out the 
Spanish forces In the long debate that followed this request, the 
question of Cuba’s future status was naturally brought up Were 
the Cubans capable of self-government or w^as the island to he 
aimexed? The Congress voted that Cuba should he mdependent 
The anti-impenalists m the Senate even managed to get through 
an amendment to the resolution to the effect that the Umted States 
disclaimed any mtention of exercismg sovereignty or control over 
the island— It sought only to brmg peace to it On April 19 the 
resolution was passed, empowenng the President to send troops to 
Cuba if that should prove necessary m order to drive out the Span- 
ish soldiers already there This was a declaration of war and under 
It war was begim There was no mention at this time of the Phihp- 
pmes or of Puerto Rico 

The war over m a few months On May i Commodore 
George Dewey steamed mto Manila Bay wnth the Asiatic fleet of 
the Amencan Nai'y and sank all the Spanish warships that were 
lymg at anchor there The loss m this first encounter was nine 
Amencan fives Dunng the week of June 20-25 an Amencan army 
of 1 5,000 men landed at Daiquin, Cuba In the first days of July 
the Spanish blockhouses at El Caney and San Juan Hdl, near 
Santiago, were captured m the only real fighting of the u'ar 
Admiral Cervera’s Spanish fleet tned to flee from Santiago harhor 
on July 3 but -was destroyed by Amencan warships Ijmig m v'ait, 
wnth the loss of only one Amencan hfe On July 17, Santiago- 
next to Havana the most important Spanish stronghold— surren- 
dered to the Amencan mvaders The Spanish Government sued 
for peace on July 26 and an armistice ofiBciaUy freemg Cuba from 
Spamsh control was signed at Pans on the twelfth of August At 
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]ust this moment word came that Amencan landmg forces had 
taken Manila, virtually endmg Spanish rule m the Philippines 
Puerto Rico was then occupied without a skirmish An overseas 
empire had been won m ten weeks of actual fightmg and ivith 
tnflmg loss of American lives the Army reported 280 killed and 
die Na\^' only 18 

In the final treaty drawn up at Pans, Spain granted Cuba her 
independence, ceded Guam and Puerto Rico to the United States, 
and transferred the Phihppmes to the custody of the United States 
in exchange for a payment of twenty million dollars The anti- 
impenahsts m the Senate who had fought hard for the amendment 
added to the war resolution now saw that they had failed to accora- 
phsh their real purpose Feanng that the United States would 
henceforth he thrust into mtermmahle wars m Europe and the Far 
East, they formed a strong bloc against the Admmistration’s pohcy, 
which by now had wholly succumbed to the pressure of the expan- 
sionists But they lost agam The ultimate fate of the Phihppmes 
was left undeaded, and two years later Cuba would have to sub- 
mit to the hated Platt Amendment, estabhshmg a protectorate 
over It 

Cajal was vacationmg m the country town of Miraflores de la 
Sierra when he got the news of the Spanish defeat m Cuba He 
was staymg wath his family at a htde viUa not far from a similar one 
occupied by his fnend Fedenco Ol6nz and his family Cajal and 
Olonz had been spending the long summer days readmg, hiking, 
and playmg endless games of chess Earlier m the summer Cajal 
had been working on the problem of the intercrossing of the nerves 
m the optic chiasma and jottmg down his observations for later 
use The news from Cuba struck him hke a blow In such a world 
his researches seemed to matter httle, and for a time his creative- 
ness was paralyzed by this feehng of futdity 

The Spanish newspapers, expressmg the stunned bewilderment 
of the people, asked the mteUectual leaders of Spam to analyze the 
causes of the ddblde and to propose a program to reform the con- 

[187] 



Explorer of the Human Brain 

dibons that had led to it For in spite of everything, underneath 
the general despair there was a glimmer of hope An era of re- 
newed faith m reform was begmnmg, an era known as the Regen- 
eration Cajal was to make his contnhution to the new age in 
company with such wnters as Plo Baroja ^ and Valle-Incldn ® In 
later years he chided himself for his effrontery m entermg the 
political forum What nght, he asked, had a humble laboratory 
worker to censure social and pohtical actions of which he knew 
htde, and how valid could his proposals be? Many of his sugges- 
tions were undoubtedly well-founded, but, as he himself pomted 
out, the general meflfectiveness of such wntmgs stems from the 
fact that they are read only by persons of like views, those not in 
need of conversion 

The first edition of Cajal's autobiography, Recuerdos de mi vida 
(Recollections of My Life), begun m 1901, was written m answer 
to his country’s need after the loss of its colonial empire m 1898 
He wrote down an honest account of his successes and his failures 
m the hope that by so domg he imght encourage earnest effort in 
the young men of Spain This ultimate goal presented its own 
dilemma Cajal was a modest man His nature prompted him to 
depreciate his undeniable accomplishments But to do this would 
be to defeat his real purpose and to thwart the mtense patnotism 
that had impelled him to wnte his life story at all In the Recuerdos 
he laid bare the obstacles that beset the path of every Spaniard 
who tned to do anythmg of note m ongmal scientific research He 
wanted these obstacles to be clearly recognized so that they might 
be removed At the same tune he wished to show that hard work, 
zeal, patience, and perseverance could go a long way toward over- 
coming them The autobiography is of unequal ment Volume I 
IS wholly readable, sparklmg with flashes of wit and sharp revela- 
tions of Cajal’s mmost self Volume II bogs down under the weight 
of technical detail that full descnption of his w'ork necessanly 

“ Pfo Baroja Cbom 1872) Spanish novehst 

®Ram6n del Valle-Inddn Ci 870-1936) Spanish poet and novehst 
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When his work was done, the traditional doctrine was fully 
confirmed Both methods showed that there is m man and m the 
other higher mammals a strong homolateral tract (that is, newe 
fibers extend from each eye to the part of the bram on its own 
side), hut there is also crossmg of nerve fibers at the chiasma In 
man, half the fibers of each optic nerve decussate, and half remam 
on the side of ongm The proportion vanes throughout the mam- 



Fic 4 —Decussation at the Optic Chiasma heft, diagram showing 
the effect of the complete intercrossing of the optic nen'es in a low cr verte- 
brate The U\o central images form a continuous whole (Panoramic 
Msion ') Bight, diagram showing the effect of partial intercrossing in man 
and in other mammals The central image composes a combination of the 
two representations of the object transrmttcd by the two optic nenes 
(Common \isual field ) (Courtesy of Dr E Home Craigie, Professor of 
CoviparaUx’e Anatomy and Neurology, University of Toronto, Canada") 
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Having laid the ghost of the decussations of the optic chiasma, 
■Cajal next attacked the biggest of all histological problems— the 
anatomy of the human cerebrum, the bram proper It was generally 
accepted by the scientists of the time that the differences between 
the bram of lower animals and the bram of man were quantita- 
tive rather than qualitative Accordmg to this view, the supen- 
onty of man s mteUect would be due entirely to the larger number 
of Its pyramidal cells and the greater complexity of its association 
fibers Cajal felt that the differences were more far-reachmg He 
held that the bram of man differed also m kind There was one 
way to find out the microscope 

In this darmg venture he ran head on mto the deepest of all 
social and rehgious prejudices The most delicate stammg meth- 
ods— and nothmg less would do for the intncate maze of the hu- 
man bram— are effective only when apphed to fresh nervous tissue, 
tissue that is almost ahve But the law did not allow the human 
cadaver to get to the hands of the anatomist until twenty-four 
hours after death By that time the fragile neurons had already 
tmdergone considerable change and had lost their affinity for 
methylene blue or chromate of silver How could one get around 
such an obdurate stumblmg block? 

Cajal found two msUtutions wdhng to help— the Foimdlmg 
Home and the Maternity Hospital These two establishments did 
not pay too stnct attention to the law, and smce the families of 
unwanted dead children cared little what became of them, the 
corpses got to hun soon after death Within two years he had 
autopsied hundreds of fetuses and the brams of children of vanous 
ages, dissected while stdl warm 

His harvest was nch He discovered new types of neurons with 
short axons charactenstic of the human cerebrum He made de- 
tailed observations of the termmal branchmgs of the sensory fibers 
and discovered true penceUular baskets comparable to the elegant 
nests that had so intngued him m the cerebellum and the hippo- 
campus His special aim was next to disentangle the structure of 
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tlic scnsoty centers in tlie brain In cacli one Ins preparations 
showed a specific texture, establishing the histological basis for 
the tlien much-debated doctrine of cerebral localization ® This, of 
course, was the work of many years The upshot of it all was that 
Cajal proved undeniably that the supcrionty of the human brain 
is linked up with its tremendous wealth of neurons with short 
axons, a tjpie not encountered in anything like tlie same abundance 
m the higher vertebrates other tlian man Tliese findings are all 
discussed in detail in Cajal’s monumental work, one of the pnnci- 
pal works of his life, begun in 1897 and finished in 1904, Textnra 
del sislema vervioso del hombre y de los x’etiebrados (Texture of 
the Nert'ous S}stem of Man and of the Oilier Vertebrates) 


VISIT TO THE UNITED STATES 

In 1899 while deep in his studies of tlie human cerebrum, Cajal 
received a surpnsing letter from Amenca Clark University in 
Worcester, Massachusetts, to celebrate the tenth anniversary of its 
founding, was inviting five distinguished men of Europe to give 
a senes of summer lectures Cajal’s letter asked if he would give 
three and enelosed a check for $600 He was dumbfounded How 
had It come about that a Spanish scientist should be thought of in 
the United States at just this moment? Tlie war was hardly over 

® The dctennjnation of the location of the vanous centers of the brain, 
also the hmitadon of the vanous cerebral faculties to a particular brain 
center The brain is divided into large segments, called lobes— the frontal, 
corresponding in position with the frontal Done, concerned with the control 
of voluntary movements, the temporal (auditory area) on the outer side and 
under surface of each cerebral hemisphere, the panetal (largely assoaa- 
tional) corresponding in position to the panetal bone, the ocapital Cvisual 
area) corresponding in position to the ocapital bone 

In man, as compared with other mammals, there is an enormous increase 
m the total quantity of the cerebral cortex and a great increase in the sro- 
aahzation of certam areas Also there are striking differences in the cellular 
arrangement of the vanous cerebral lobes 
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Fig. 5 —Different Types of Neurons 
With Short Axons Found m the cere- 
bral cortex of a child a few months old 
CStained by the method of Golgi ) A, a two- 
tufted cell with Its axon a, B, dwarf cell, 

C, basket cells, D, cell with tufted axon, 

E, pyramid with archmg collaterals, F, 
ceU with short axon and broad horizontal 
branches ^Courtesy of Dr Francisco Tello, 

Director, Instituto Cajal, Madrid ) 

Spam was still smartmg from the humiliation of her defeat and the 
loss of her colonies Cajal wanted to dechne the mvitation He had 
no wish to go to Amenca in any case and certamly not m this penod 
of mtemational tension But the Mimster of Education, the Span- 
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isli Government, and many of lu-; fncncl*; \\lto';c opinions he val- 
ued, all iirj;cd Intn to go I Ic was far from well A lingenng influ- 
enr^a, or o\era\ork in the lal>omton, made sn)) more exhausting by 
nights of sIccplcssiKss wlicn the excitement of discover}' was upon 
him, had worn liim out and left him with a heart condition that 
filled him and his wife with forclaodmg Ihit he set out on the 
joumcN nevertheless, accompanied hy Dona Silvcria, who would 
take care of him if one of Ins heart attacks should occur 
Tlic} went through Pans en route to their ship, which sailed 
from Lc Havre On shiplxiard he met the others who had l>ccn 
honored hv the same inv nation Dr A Mosso, Professor of Physi- 
ologv at the Llnivervitv of l urm. Professor D Picard, mathemati- 
aan of the Colle'ge dc Prance Dr A Porel, phvsioiogisi of the 
Univcrsnx of Zurich and Dr L Polrmann, Professor of Theoreti- 
cal Phvsicsof the Universiiv of Vienna 'I he twelve da) s’ journey 
passed in delightful conversation 

In June the ship docked at New York in the midst of the most 
sulTocaiing heat that Cajal had ever experienced Tiic thermome- 
ter soared to 1 13° F in their hotel room and was even higher in 
tlic streets below To add to their discomfort, a fire broke out in die 
hotel at w Inch they w ere stopping, the mam siamvays were blocked 
watli smoke and tliey rushed to a fire escape near by But Dona Sil- 
vena was so much terrified by the insubsianiial steps leading down 
from the little iron balcony that nothing could induce her to set 
foot upon them Fortunately, the New York firemen soon had the 
blaze under control and restored them to safety 
Cajal ex-plored New York dioroughly— visited the Statue of 
Liberty and Brooklyn Bndge, drove up Fifth Avenue past the 
mansions of the millionaires, took some fine pictures of St Pat- 
nek’s Cathedral, went to the beaches and to Central Park When 
shopping in the New York stores for presents for dieir children, he 
and his w'lfe heard from many Cuban refugees employed there of 
the abuses the Cubans had suffered under Spanish rule They 
came to realize how the heanng of such stories from the lips of 
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those who had expenenced what they spolce of could well have 
played a large part m producing the emotional state of nund that 
had led to the war The sympathy of land Amencan men and 
women who pitied the nusfortimes of the refugees had made them 
an easy prey for both Amencan expansionists and Cuban con- 
spirators, who also had done their share 

Their New York visit ended, the Cajals set out for Worcester 
The express tram they rode m was stifhng hot They got to Worces- 
ter late m the evenmg and spent a sleepless night trymg to reheve 
Don Santiago’s ragmg headache with cold compresses It was the 
Fourth of July From the streets below their windows a deafemng 
dm came up to them— songs, cheers, and the sharp reports of burst- 
mg skyrockets The Spanish "wrangles m the buU nng were noth- 
mg compared ivith it, they thought Speculatmg on all such dem- 
onstrations, Cajal asked himself "Do people raise such an uproar 
because they are happy, or to make themselves happy?” He de- 
cided It was for the second reason "The lot of the workmg man m 
every country is hard,” he thought, "and at bottom both the laborer 
and his brother the brain worker are both supremely weary am- 
mals ” 

The noise ended at dawn and the Cajals got a bit of sleep Don 
Santiago was feehng better when he finally announced their ar- 
rival to the President of Clark University, Dr G Stanley Hall 
The president promptly sent one of his professors to the hotel to 
escort his foreign guests to the college This energetic young man 
astonished the Cajals by brmging their trunk and handbags down 
from their room himself instead of asking the coachman to do iL 
This, they thought, was democracy d outrance 

Their host was Mr Stephen Salisbury, the nch philanthropist 
He was a man of about sixty-five, stJl a bachelor— from horror, he 
told them laughingly, of the Amencan woman The suffrage move- 
ment was then gammg momentum m the United States and a 
courageous group of women, bravmg the scorn and ndicule of 
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tlicir compatnoi^;, with a r»\iml>cr of llic intcllcciunl and moral 
leader? of the land among them, were stntgghng to obtain for all 
women equal ngliLs w ith men a-? cui 7 cn<; of a democracy 
Tlic Decennial Cclchraiion of Clarh Unneraty lasted from the 
founli to the tenth of luU llierc were the uiual banquets, recep- 
tions, inps to ncigblionng places, and finally the scientific lectures 
Cajal presented a comparatnc study of the sensor)' areas of the 
human cortex— the subject he had l>ccn investigating dunng most 
oF iSpSand 1899 As he always did, he illustrated his lectures walh 
demonstrations of his techniques and w ith huge w all charts show- 
ing the structures under discussion 
When all the sessions were mcr, the texts of the scientific lec- 
tures were printed in a handsome illustrated volume published by 
llic Univcrsit) as a memorial of the occasion At the solemn clos- 
ing meeting, letters of congratulation were read from President 
McKinlc) and from other prominent Americans, and an address 
of thanks was given by the President of the University Finally, 
the foreign visitors were awarded the honorarj' degree of doctor of 
laws, after which they too gave speeches of thanks 
CajaVs impressions of the United States on this his only visit arc 
both rev cahng and amusing 

Tlie role of more or less illustnous guest is an embarrassing one in 
Amcnca Tiie people of tlie United Slates not only wash to learn from 
the foragner, thev wisb to have his opinion of them In spite of our- 
selves we were forced to think up quick answers to such delicate ques- 
tions as these A\niat defects do vou see in our educational institu- 
tions? WTiat reforms do vou suggest to improve them?’' 

Out of courtesv' and proper gratitude for the lionor being done us, 
we could do nothing but praise I did suggest— wath as much tact 
as I could— some innov ations, such as the creation of a laboratory for 
investigations in bactcnolog)' and another for research in histology 
and pathology 

I had worse luck than my companions in the matter of interviews 
Being a Spaniard, I was the favorite target of the political reporters 
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The newspaper woraen particularly besieged me day and night I was 
to tell them— a mere bagatelle— the advantages and the disadvantages to 
be denved from the annexation of Cuba, Puerto Rico, and the Phihp- 
pmes It was like talking of the halter in the house of the hanged! 

I did succeed in saving my ivife from the women reporters (Typical 
old maids— fine examples of what Ferrero called the third sex ) They 
were determined to get Senora Cajal’s opinion on femimsm and on the 
chances for a campaign m Spam for the emancipation of women 

Tn Spam," I told them, "we are so backward that our women are 
stdl content to be femmme and not femmist. And it seems that is 
enough for their happiness and for the happiness of their homes " 

Ca3al was promptly put on their black lists He writes that he 
was amazed to read in the newspapers what he was supposed to 
have said on aU lands of issues In spite of the tabulations visited 
upon him by the ‘lady 30umalists,” however, he was fair enough 
not to condemn all Amencan women Though his background 
debarred him from any sympathetic understandmg of the suf- 
frage movement— he thought the suffragists fanatical m both their 
aims and their methods— he did express admiration for those whom 
he considered to be truer representatives of Amencan womanhood, 
the wives of some of the professors, strong, cultured women, good 
homemakers He praised espeaaUy the fine nurses he met m 
Amenca 

After leaving Worcester the Cajals visited Boston and Cam- 
bndge Don Santiago was enthralled with the Library of the City 
of Boston Its completeness and its eEBciency delighted him But 
when he was taken to see its collection of current Spanish penodi- 
cals and newspapers, he found it regrettably small Yet the Span- 
ish newspapers that had foimd their way mto Amenca had done 
their work When showmg him the Boston collection, the hbranan 
said, “These carry half the responsibihty for the war " 

"How could that be?” Cajal mqmred 

“They provoked us impudently, caUmg us hucksters, sausage- 
mongers, cowards Telegraphed, translated, and commented on by 
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our press, they stirred up deep resentment even m those who love 
Spam, as I do " 

Cajal was distressed to hear such blame but he had to admit that 
It was just 

Havmg thoroughly explored Boston and visited Niagara, the 
Cajals returned to New York to embark for the voyage home In 
the few days left them before their ship sailed, they visited Colum- 
bia and New York Universities and West Point 

Rather oddly, Cajal was enormously mterested m the develop- 
ment of the phonograph by Edison and his co-workers at Menlo 
Park A personal element was involved here as well as purely sci- 
entific mterest m a new invention and its improvement For Cajal 
himself had been devismg a scheme to improve the talking ma- 
chine The Edison phonograph had created a sensation m Madnd 
m 1896 The cult of recordmg spread far and wide, even ensnarmg 
Cajal, who had htde love for music— he had found that the phono- 
graph made the long wmter evenings very pleasant The chief 
defect in the early machmes was weakness m volume— a feebleness 
of tone that had led Letamendi to call them “talking rabbits ” Cajal 
had thought up a way to correct this without gettmg the screechy 
sound that so often accompanies increase in volume He hired a 
mechanic to make a model usmg his new system of recording, but 
the model was so mexperdy made that the effect was disagreeable 
though the prmciple on which it was constructed was the right 
one He put the model away and forgot about it In Amenca he 
now saw fine phonographs for sale that embodied the mvention 
he had mcubated m his own mmd The moral he drew from all 
this is that It is better to plow one’s own furrow and not to waste 
preaous time reconnoitermg m another’s field 

the MOSCOW PKIZE 

In August, 1900, the Moscow Pru^e was bestowed upon Cajal by 
the Thirteenth International Medical Congress then m session m 
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Pans It was to prove of the greatest importance to his scientific 
career This award of 5,000 francs had been msbtuted by the Mos- 
cow scientists to commemorate the Twelfth International Medical 
Congress held there m 1 897 It was to be given to the person whose 
work m saentific medicme was considered the most helpful and 
suggestive to the medical profession withm recent years The deci- 
sion as to who should receive it was left to an mtemational com- 
mittee made up of leadmg medical men from several countnes 
Upon the nommation of Dr Albrecht of Vienna, Cajal's work was 
imanimously voted to be the most significant accomplished durmg 
the three-year penod between the Moscow and the Pans sessions 
of the Congress As an added graaous touch, it was decided at the 
same time that the next medical congress— that of 1 903— should be 
held m Madnd Spam and Latm Amenca were jubilant The 
choice of Cajal was looked upon as a sort of racial tnumph 
Cajal was not m Pans to receive this xmexpected honor m per- 
son He was quiedy pursumg his researches on the cerebral cortex 
m the cottage he had built at Quatro Cammos, a distnct near 
Madnd In the years just past he had been sick m body and spint 
He longed for the country He envisioned a httle house with a 
walled garden from which one could see the peaks of the Guadar- 
rama Mountams and an expanse of sky unmarred by smokestacks 
and chimney pots In such a place he felt he would be able to do 
his work m peace So he had his house built at Amaniel It had a 
flower garden, a grape arbor, a small conservatory, and a httle 
orchard beside a canal Terraced lawns spread out to the warmmg 
sun AU his savmgs went into this home But his mstmct proved 
to be nght Sun, fresh air, woodland, and mountams made his 
health better than it had been for a long time and changed his mel- 
ancholy mto a cheerfulness he had not felt smce his youth 

The money from the Moscow Prize helped fill his flattened 
purse Though he rejoiced m the honor of it and the opportime 
bonanza, he was a little rueful at the thought that answenng the 
flood of congratulations he received would take up a month’s time 
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Not that he was ungrateful for tlie kind wishes that came to him, 
hut he felt the urgency of much work to do The tributes came 
from all sides His old fnend the journalist and author, Don 
Amalio Gimeno, wrote his life story for tlie Heraldo Congratu- 
lations came from Queen Maria Cnstma and from her Prime 
Mmister Don Francisco Silvela The queen decorated him with 
the Grand Cross of Isabel die Catholic, the msigne being paid for 
by his students of the School of Medicine A short time later, he 
ivas decorated with the Grand Cross of Alfonso XII and was made 
a Counselor of Public Instruction 

The honor that touched him most was the congratulatory meet- 
ing assembled for the occasion at his own university In answer to 
the praise lavished upon his embarrassed person, Cajal read his 
speech of thanks, he was sure his emotion would dnve every 
thought out of his head if he tned to speak from memory He ad- 
dressed those students who, spurred to longmg for a national intel- 
lectual revival by the recent mihtary rout of Spam, looked to him 
for leadership in the cause This is the appraisal of himself that he 
read to them so eamesdy that day 

You have made land references to the quahty of my intellect and my 
unusual aptitude for the cultivation of saence In all that, you have 
displayed more good wdl than justice I am indeed not a scholar but a 
patnot I am a tireless worker rather than a creative architect The 
story of my accomplishments is simple It is the story— a quite ordinary 
one— of a will determined to succeed at any cost to itself When in my 
boyhood I saw ivith sadness to what a low estate anatomy and biology 
had fallen m Spain, and how few of my countrymen had won a place 
in scientific medicme, I firmly resolved to abandon my artistic aspira- 
tions forever, givmg up the golden dream of my youth, and to march 
boldly mto the mtemational strife of biological research My strength 
was patnotism, my guiding star the exaltation of the academic gown, 
my goal the increase of the sum of Spanish ideas circulating in the 
world I sought to gamer respect and sympathy for our saence and to 
collaborate in the magnificent enterpnse of discovermg Nature— which 
is the same as discovermg ourselves 
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After enumerating the signs already present of a renascence of 
Spanish intellectual hfe, he ur^d them “Let us love our country 
even if it is only for her misfortunes'” 


NEW RESPONSIBILITIES 

In this same year, 1900, Cajal was appomted director of the 
newly founded Alfonso XII National Institute of Hygiene As 
was often to he the case when unsought honors came to hun, his 
first impulse was to refuse this one But m 1900 a plague was rag- 
mg m Portugal which threatened shortly to spread to Spam The 
emergency demanded that both his modesty and his love of work 
m solitude he brushed aside He at once set about organizmg the 
several sections of the mstitute as well as he could and as quickly 
The chief task was to find competent section heads who would he 
wdlmg to serve for the small salanes the State would pay them 
Cajal tried hard to avoid favontism and to choose those candidates 
who clearly, by all the objective evidence at hand, were best fitted 
for the positions to be filled The Institute was soon to grow and 
prosper, becommg more important scientifically and more efficient 
as the years went by 

The Spanish press now suddenly did him an excellent turn By 
Its exaggeration (he says) of the difficulties under which he had 
made his discovenes, the poverty of his eqiupment, and the mea- 
gemess of his material resources, the State was stimulated to lend 
a hand m the rebirth of Spanish saence Don Francisco Sdvela 
proposed to the Cabinet that an mstitute of scientific research be 
founded m which Cajal could carry on his work with adequate 
facilities and free from financial worry The founding of such an 
mstitute was authorized by the Cortes m 1 90 1 To this end, 80,000 
pesetas were appropnated for bujrmg equipment and estahhshmg 
a laboratory The director (Cajal) was to have an annual salary of 
10,000 pesetas Cajal thought this salary too high and the follow- 
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ins; N wr Imcl n rcJiicril to 6 ccc. llio iitw in'.tmiic \\ i-; *^01 up in 
tlic imi'^’uni of Df. Xcli'^'o 'ind u !<> mnud ilic Li 1 >or.nono clc 
liucsusnsiom V Rlolln:lCl'^ (l-niv^iUon of Uinloiptnl Ik'-oircli) 
No'.lnns; coulillnvi pK T-ctl C'u i) iKtiirihin ilu founding of 
tln«. 1 iWuitorv I Ic nu\v Ind up to<,lau* npupnuui I Ic no longer 
li 3 tl to Mnn;glo 'ismiu'-i running into ilcln tlmnu’Ji tin* purtln*;c 
from In*- ow n j'-ixlvt i of tlic Nml.*- mul in n’ i miu *. In m ulctl nntl for 
the puMicuion <'f In*- clu if-luil /{riut.i Jtoio Umf lilt* Jitti<fn 
now Krimc 1 lu \\ inmnl in n'U’ino i niiili il J'r.ihnjt^'- do/ hihara- 
'ono <Ir ,i 1 o<rii Tuit.i'v /' ofo* cn Hie luu itvitw liul gootl 
piper fiiu pKUm^-. mui eonld Iv inuK* t- nnpk* ns tlie uortlt- 
while nn'.oj) si n Innil jHiiniUtil It lux uul in iinjxsrtint orgin 
forthejniMicutonof C' si s! vov.n n '-tiulu *. .iml tlio'-e of ln*> n'i-^ict- 
nni*: iml '-nidmiv I Ik Si stt Im! muh i good jn\i*-tincnt in 11111 *; 
‘Siting him up in hu'-mexs for luin'-elf 
In ipc^ the lnt( in ition il NUdic d Coinut'-*. met in Mndrid, a*; 
Ind Kxn phnncil three \i ir<. hefoit at the I’in*; nutting Natu 
ralK the hmlding Spinuh 'eunti'-is v.oil m*: under Cijil v inted 
to mil c a gtviii vhowmg iml icti\it\ lo'-e to i fun/icd jntch in the 
Lilwr.uono V picudeni of the '<xiion on imtonn and inthro 
polog\ of tlu O'ligvv*-. C-ij il ‘-{'till hi*- d IN'- mil Ltening*- helping 
hu 'etude nts fini'-h their *-1111111 *- and write up their piper- In the 
■^anie \car he puhlnhed foiiitetn irtiele*; of hi*; ov.n— lome of 
l>ool length niomgh tin*- wns the jx'd- \cir of hi*; *-Cientiric pro 
diiciuiiv, he nnnngi'd to 'teal a few wtths in the ‘-uinmer for a 
trip thienigh ItnK wnh In*; wife ind 'I'lcr*;, stopping at Genoa, 
Milan, Tunn, P i\ 1 1, \ tmee. Rome, Pisa, md Naples 

Tnn Ntw TnANSPAnc^T stain 

Though the autist in Cijal responded to the beauty he saw 
evciy where in Iialj, the scientist in him was not submerged Be- 
fore leaving for tins trip he had been trying to invent a new stam- 
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mg method, one that would procure the clear revelations possible 
with chrome silver hut transparent, so that the inner structure of 
the neuron could he seen With the chrome-silver method the 
nerve cell shows up deeply stamed hut opaque and one can get no 
idea of Its intimate constitution \^Tiile m Italy his thoughts kept 
swmgmg back to the tormentmg problem he had set himself 
Hypotheses raced through his bram as he looked at the master- 
pieces m the art gallenes or at the serene loveliness of the Itahan 
landscape One day when he was on the tram on his way home, a 
hnlliant idea flashed across his nund A simple thmg The effect 
he was seeking might be achieved by the use of hot, free silver 
nitrate The notion held him like an obsession He longed for the 
moment when he would be back m his laboratory to put it to the 
test The beauty of the C6te d’Azur whisked by without his throw- 
mg It a glance 

Once back m Madnd, he hid himself m his laboratory the first 
hour he could manage it He fell upon his expenmental animals 
(he says) like a beast of prey The steps of the new procedure were 
these Pieces of nen^ous tissue were immersed m silver nitrate and 
heated for four days The amount of silver salt m the block was 
then reduced by a bath of pyrogallic acid that had been kept m a 
dark place The tissue block was then washed, bathed m alcohol, 
and encased m celloidm Fmally, it was cut mto sections for rmcro- 
scopic study 

From the very first, his efforts met with success The neurofibnls 
—delicate threads that run through the neuron m great numbers 
from the tips of the dendntes to the tip of the axon— stood out 
sharply, outlined m brown, black, or bnck-red- and perfectly trans- 
parent Another great advantage of the method was that when it 
was carefully earned out it gave consistently good results 

Cajal could not sleep for excitement Nor could van Gehuchten 
when he first heard of the new stain and tned it out In Spain the 
method was successfully used by Cajal’s brother Pedro and by his 
pupil Dr Francisco Tello, who made several discovenes through 
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Fig 6 —Section Stained by Cajal's Reduced Silver- 
Nitrate Method Large cells of the cortex of the antenor 
quadngeminal tubercle a, axon, b, plexuses seen superfi- 
aally, c, perinuclear plex-uses, d, plexTises of neurofibnls 
(.Courtesy of Dr Franctsco Tello, Director, Insuuito Cajal, 
Madrid.) 

It, one of the most important of which was concerned with a 
change that occurs in the neurofibnls of certain animals during 
hibernation 

Soon after Cajal had devised his reduced silver-nitrate stam, a 
German scientist amved at a similar procedure, one especially 
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applicable to study of the human bram Cajal’s vanant was better 
suited to investigation of the structure of the nerve centers of lower 
vertebrates m vanous stages of development Today many vane- 
ties of the method are known and used One of them was of signal 
service m the discovery of the spirochete of syphilis 



Fig 7 —Effeot of CkiLD on the Neuropibiuxs 
(Stained by Cajal’s reduced sdver-iutrate meth- 
od ) A, fine neurofibnls at 25 degrees, B, begm- 
ning of thickenmg at 25 degrees, C, great thick- 
emng m a few hours at 10 degrees QCourtesy of 
Dr Francisco Tello, Director, Instituto Cajal, 

Madrid ) 

The perfectmg of the tran^arent stain was bound to lead to 
new mvestigations 

For the biologist [says Cajal] every advance m stainmg technique is 
hke gaming a new sense with which to explore the unknown. As if 
Nature were determined to keep hidden from our eyes the marvelous 
structure of the cell, this mystenous protagomst of life is obstmately 
concealed m the double mvisibihty of smallness and homogeneity 
Structures of amazmg complexity appear imder the microscope color- 
less, uniform, and as simple m architecture as a mass of jeUy. 
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Only by making diese seemingly identical entities stand out from 
one anotlier by a selective stain can the histologist even begin his 
analysis of them He must (so to speak) transform the colorless 
beehive of cells into painted butterflies— “butterflies of the soul” 
Cajal once called tlicm Tlie reduced silver-nitrate formula was 
therefore tlie fulfillment of tlie histologist’s dream it could be 
widely applied, it produced transparent coloration, it was simple 
to use, and it had exquisite selectivity for the neuron In addition, 
It had die advantage of being quick, achieving tlie desired results 
in far shorter time than other known procedures By its use Cajal 
rapidly confirmed many matters concerning cell structure that had 
formerly been only hj'pothctical or controversial Dunng all of 
1903 and 1904 he threw himself into diis task Papers on his find- 
mgs came pouring forth wnth unabated rcgulanty 
Tlie first report had to do with the architecture of the neuro- 
fibnls His reduced silver nitrate showed that they make up a 
netivork of threads, not a sy'stcm of direads independent of one 
another passing from the cell body into the processes, as had been 
proposed by die contemporaty anatomists Apathy, Bethe, and 
others Aided by Dr Tello, he went further he showed that the 
structure of the neurofibnls varied under different tyqies of stimu- 
lation Better still, die new formula showed up brilliantly the bas- 
ket endings and the moss)' and the climbing fibers in the terminal 
branchings of the neri'e processes And it did this widiout the use 
of any tints' Ended forever, dien, Cajal thought, would be the 
arguments of the proponents of die reticular theory, who had 
opposed the interpretation of many of Cajal's earlier findings on 
the ground that the silhouettes produced by his chrome-silver 
method did not represent the actual arrangement of the cells but 
were artifacts produced by the stain itself 

Following the pattern of his earlier work, Cajal applied the new 
stam to fetuses and newborn animals of many species As he had 
found before, he now found again that the nerve cells and fibers 
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stained more intensely and uniformly m untom or very young 
animals than m animals more fully mature 

Having learned aU that the reduced silver method could teach 
him of the stmctures m healthy animals, he turned to the study 
of these same cells and fibers m vanous conditions of disease He 
hoped his discovenes along these hnes would contnbute some help 
m the diagnosis of certam pathological states difl&cult to detect in 
any other way He soon found much of mterest concemmg the 
eflEect of rabies on the nerve centers of animals 


THE “textura” 

Nineteen four was a year of fulfillment and culmmation Ca]al 
at last finished the tremendous textbook he had been wntmg for 
five years— the classic Textura del ststema nermoso del komhre 
y de los vertehrados (Texture of the Nervous System of Man and 
of the Other Vertebrates) It contamed 1800 large pages and 897 
ongmal illustrations In this volurmnous book be rounded out the 
work of fifteen years of research Only a small first edition was 
prmted and the copies were sold at a low pnce to attract sales 
When aU was checked off, Cajal had lost 3,000 pesetas (about 
$540) through Its pubhcation It was translated mto many lan- 
guages, notably into French by Dr Azoulay, Cajal’s official French 
translator The French edition appeared m 1911 and had been 
brought up to date, covermg all the facts Cajal had discovered m 
the years smce the pubhcation of the ongmal Spanish text 

Though It brought him httle gold, the Textura was nch m 
inner rewards It is revealmg of the man that he felt its reception 
was all he could wish 

The object of my work was, above all else, to give myself a lastmg 
stimulus to creative work Foreseemg the hours of discouragement and 
fatigue that lay ahead, I wished voluntarily to give up my hberty by 
makmg a pledge of honor to the puhhc Then, too, the hook was an 
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cxprc^Mcn af cfon m ton Initmn not to W foipn cn I'nrftil of ol)li\ ion 
"nti tmMJtr of hiunn follnwro nh!r to ritn on }n\ wor)., 1 dclcr- 
intnal tn \innc tn o,ir intorr'^tc<i v.lio 1 r tl^c iniiMinnt findinj”; of nil 
tlic natmlnncnl I lud j'oWt hod nt hrnnr ntd nlm^nd, Gllinp tn 

tltc nnv jvimt'. i*. tho wc't) ]':<vrodrd luit inn i of ill I w.inicd mv 
Iwk to Itc-fojrno rio-i ttojdu lud it thr fret of the d\inp ‘lienee 
of Spun ind nn ntdent hoc r*frtinp nude In ^ Spntnid to hn conn 
tn ncoontn rovnh tlc'-pi od In the wotld 

In JQC5 CuiV'. rr'nt;]}r< i ndtntrd to ilte of the ndttU 
Mnicturr<«of the nrnr^ of nnmnnK nnd of nnn—dnenv nitlt ri*f- 
crcncc to the vm* nr\ nnd '•s ntpitltettc tnnrln Vm* Itttle Ind boon 
done in ihi<- held up to tint lime mo-j neumloincil n '^t ireh Ind 
{■iccn rc«inr;ed to rmhno^ or \rrv \ 011110 minnU Hut cnnniinu'; 
clnnpcn nl e pl-'ce i<. the ounnnm tintiur ’Hie Mihjirt Ind lonti; 
innted inxoMipuion hut until then no hnonn nitihod v.i<i odt 
qu''tr for undcml inr n v jth nti\ crrnintv of conctnnt 'ind rcdnhlc 
rcndic Ikio Tnin the rctluccd '>il\er triumphed It could *;nin 
•^clcctnch the "'du): <m<orv 'itid ^\mpiihei)C rintdn c\cn in nn* 
tern) tint v.-n no; fredih dnd Oinl ^ oh'crv 'itinni ltd to the un- 
canhinti mmv nov. nreepted focn rtpitdinp, clnnp,e<: in the 
nertou': cmictuit-t v.uh id\ incinR 'ipc In \ lev. of the importoncc 
of the modem ^uncr of perntrict. tht <uid\ of npcinp— incrcn*;- 
inpU impomni l>enu‘-!. hu'her Mindirth of In inp ln\ c nned the 
age 'll nliidi men die— hn findings are of «;irniricincc totlnv 

Studies of ihe'^cnnd odu r clnngcs m the ntn out 'item opened 
the v.a\ fan rentv of mtcrtti m nervout pntholopv Knowledge 
in tint domain grtv fm;! -m; fact after fact wnt hrought to light A 
uliolc 'tcliool of neuropathology sprang up Noinhle among ilt 
leader: v. ere a numlrcr of itn csttgaton .ahroad. and in Spam Cajal’s 
pupils Acliucarro, Lafora, and Cattro More tlnn one liundrcd 
publications were fathered liy Cajal’s original paper pointing out 
some of the changes that occur m tlie nenes under the various 
stimuli of age and illness 

Cajal thought of his research on the ganglia as the most fruitful 
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of all his work during the decade from 1903 to 1913 It was in 
these years too that he undertook the study of developmental de- 
fects in the nervous structures, hy no means uncommon in man, 
he raised the point that the eccentricities of certain persons may he 
due not so much to chance, heredity, or early conditioning, as to a 
failure of certam neurons to grow' as they should Because of this 
physiological failure, normal association paths may m these mdi- 
viduals be unusually weak or even entirely absent, resultmg in 
pecuhanties of attitude and behavior that have httle or nothing 
to do ivith the trammg the person has undergone or the habit pat- 
terns he has more or less consciously bmlt up throughout his hfe. 


THE HELMHOLTZ MEDAL 

One wintry day m 1905 a letter from the Mmister of Foreign 
Affairs was handed to Ca3al and with it an offiaal-looking docu- 
ment from the German Embassy m Madnd He read the letter and 
the document with growmg astonishment The Royal Academy of 
Science of Berlm, one of the emment scientific bodies in die w'orld, 
had awarded him the Helmholtz ® Medal What could that be? he 
wondered As he read further m the papers put so unexpectedly 
mto his hands, he learned that this was a distmction bestowed 
every two years on the person who \vas thought to have made, ^ 
within the mterval, the most significant contabudon m any field of 
human knowledge The enormous medals, one m gold and the 
other a replica m copper, had before this been conferred upon such 
men as Virchow and Lord Kelvm Modest Cajal asked himself how 
such an august society had ever come to think of him He decided 
that his fnend Waldeyer must have put m a good word for him 
Within the next few' w'eeks he was inundated by an avalanche of 
congratuladons— a thmg he was ever afterward to wonce from A 

° Hermann Ludwig Ferdinand von Helmholtz C 1821-94) Eminent 
German physiologist. 
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message came from Alfonso XIII through his secretary Senor 
Merr}' del Val A beautiful silver plaque w'as presented to Cajal by 
his students of the School of Mediane, this he gratefully hung in 
his office beside another he had received die year before from the 
Academy of Medicme and Pharmacy of Barcelona After all die 
speech-makmg and banqueting had ended— weeks later— Cajal set- 
ded dowm to work agam with a sigh of relief 

BETHE^° AND THE REVIVAL OF 
THE RETICULAR HYPOTHESIS 

The ZENITH of Cajal’s career was reached in 1905 and 1906 In 
these years— a matter more important to him than his personal 
good fortune— he succeeded in finally estabhshmg his neuron doc- 
trme It had not been easy The doctnne had been fought from the 
begmnmg, and even after it had been widely accepted, it was con- 
standy bemg challenged Agam and agam the advocates of Ger- 
lach’s and Golgi’s reticular hjqiothesis would resuscitate the con- 
cept of the Gargantuan spidenveb Untd the end of his life Cajal 
fought these outcroppings of the old, disproved theory, though 
they recurred noth chmmishmg logor as the years went on and the 
new doctnne took hold m the saentific world A pitched batde 
was fought m 1 906, from which Cajal emerged mth banners high 
It had all started up again when certain mvestigators, aimmg to 
refute the neuron theor)', devoted their energies to the study of the 
way m which severed or mjured nerves sometimes succeed m 
regeneratmg themselves, and of the stages by which the nervous 
system arises m the development of the embryo For the most part, 
these mvestigators were young men eager to make a name for 
themselves The leader and the most talented was Albrecht Bethe, 
whose arguments were so vigorous and persuasive that even such 

For identification see note on page 172 
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confirmed neuronists as Waldeyer and van Geliuchten were 
shaken m their faith 

The strife became violent and abusive The neuronists were 
forced to restate their case m self-defense Cajal hated to waste his 
time m such fubhty But his fnends asked, "What are you thinking 
of? Why don’t you speak?” And so at last he was driven to it The 
time was not altogether wasted He did refute his opponents thor- 
oughly— at any rate, they were not heard from agam for many 
years— and he picked up important new facts in the process of con- 
firming his doctnne Re-proving the proved by his new stammg 
method of reduced silver nitrate, he was able to demonstrate be- 
yond a doubt the same structures he had revealed m earlier years 
by the less reliable methods of Golgi and of Ehrlich Very htde 
remams of Bethe’s theory as a general doctnne today 

NERVOUS REGENERATION 

From now on Cajal’s chief scientific concern was the degeneration 
and regeneration of nerve cells In this field he widened the hon- 
zons of neurology immeasurably It had long been known that 
when a nerve trunk m a young mammal is cut, that part of the 
nerve that is beyond the place where the cut occurs degenerates 
and quickly dies What is left of its axon and myehn sheath is 
resorbed m the body Yet some months later both the scar on the 
cut surface and the nerve fiber beyond the scar may show many 
newly formed fibers which at last may completely or pardy re- 
estabhsh the function of the mjured nerve How does this come 
about? There were two schools of thought The first maintamed 
that the newly formed fibers m the portion of the nerve tnmk be- 
yond the cut were merely prolongations, by means of the sprouting 
and growth of the axis cyhnders, of the part of the trunk on the 

Augustus Waller, an English physiaan ( 1 8 1 6-70), had demonstrated 
that a nerve fiber that has been severed from its nutntive center rapidly 
degenerates 
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other side of the sexered nren Tlic other school dcelarcd lliat tlic 
newly formed fibers resulted from a differentiation and transfor- 
mation of the old non c fillers Bj a regenerating process taking 
place in the body, they said. ]mcccs of the old axon would lx; bound 
into a continuous thread and would finally he fused with the free 
axon of die sex»crcd non c trunk 

For two )cars Cajal wrestled with this problem— operating on 
rabbits, cats and dogs Tlic rcjiort of his w ork was full of new* data 
and contained striking pictures show ing what actualh took place 
He found diat within a few da\s after a nerve trunk is cut, the 
ends of the fillers m the central stump send out branches in all 
directions Some of these grow through the scar, reaching the por- 
tion beyond the cut and extending through it to form the regener- 
ated nene Tlie others dcgcncntc and are rcsorlxid by the body 
His findings, then supported the views of the first school Tlic 
chief purpose of this siudv on the regeneration of nencs was to 
furnish objcctn c proof that the newlj formed fibers appearing on 
the far side of the cut none trunk represent buds or sproutings 
from die axons of the main trunk I lax ing accomplished his goal, 
Cajal turned to the detailed study of each separate step in the proc- 
ess He found that the ncurofihnls arc composed of ver)’ tiny Iwing 
units, which he called veurohovs Tlicse arc able to grow and 
multiply almost independently within the protoplasm 

The modem \nc\\ of nerv ous regeneration holds that it depends mainly 
on the chances provided for aderjuate numbers of the outgrownng fibers to 
establish connections resembling their onginal ones Unaer favorable ar- 
cumstanccs, verj' manj nerve libers sprout out from the central stump of 
an injured nerve and arc met bv many strands of Schvvann cells reaching 
out across the scar ready to lead them to the nerve stump bejond it Tlic 
axon tips then progress dovvTi the nerve, many wathin each onginal tube 
Some of them wall connect wath the appropnatc end organ When a suffi- 
aent number connect, the funcUon of the injured nerv'C wall be restored 
(Schwonn cells arc the large, nucleated masses of protoplasm lining the 
inner surface of the sheath of Schvvann, called tlie neunlemma, which 
IS the thin membranous outer covenng surrounding the myelin sheath of 
a nerve fiber or the axis cyhnder of a nonmyelinated nerve fiber See dis- 
cussion on page 126 ) 
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These discovenes led to a swing back to the neuron doctnne on 
the part of most of the outstandmg scientists of the day Van 
Gehuchten returned with the other prodigals Cajal’s pupil Tello 
strengthened his master’s stand by the bnlliant study he made of 
the regeneration of the motor end plates and the sensory nerve 
endmgs Even Bethe showed himself conciliatory m the face of so 
much evidence brought to bear agamst his view The new obser- 
vations on nervous regeneration, then, gave added weight— and at 
a time when it was needed— to the whole neuron concept Upon 
this once revolutionary doctnne modem neurology and psychology 
now rest as upon a solid rock, though throughout most of Cajal’s 
hfetune the "rock” often seemed more hke an all-engulfing quick- 
sand 
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. fir < tmi J n fn' tirlor) n.j; thr v :rih of others 
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— tHASCIS HACON 


Earl'^ one OctoVr mnrnmc m loc^), Cijil v t: nunkcnctl 
b\ t]jc imv il of n ttlcrnni frr>m Sioc) holm "*1 he C-nmlmc Iir^u- 
tutc Inc loltd \mj the Ncphel IVi/t in Plu'^iologv .Tncl 
Medicine' he reid nuc <nnhni: mceeipe wt; followed l)\ a 
tclignni of eoni:nnih*,inn from ilu Swtdidi proRe^or IU'Iaiu*;, 
and T ftw da\‘. hur he ucc ivid die oflicnl communmiion from 
the Rrm] Cirohne In'-iiuitc rnim it he Itirned tint he wa*: to 
dnreliislionor with Camillo Golgi, v hoec*,il\cr*;nin Ind brought 
Eudi rich return^ in Catil IniuK 
1 Ic wae o\er\' lu Imed ni v inning ilic Nolicl Pri/e, particularly 
Since till'; wa«; the firn time it had eitr lutn awarded to a Instolo- 
Tlic money in\ol\td v a<; a tremendou'; nim to liim— about 
S 23 ,ccc at the rate of cAchangc of the time Tlus, one would 
thinl,, would be v clcomc to a frugal professor with sc\cral chil- 
dren to <;upport and ambitious experiments to finance, which, no 
matter how simpK he managed them, were Ixiund to cost more 
than he could alTord But the spontaneous pleasure he felt was at 
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once mixed with other feehngs He dreaded the flood of letters he 
would have to answer, the banquets, the speeches, the weeks of 
wasted time He even thought of declmmg the award, of dedar- 
mg it undeserved, for he felt that as a histologist he was not enti- 
tled to It By the terms laid down m the ordmance of die Nohel 
Foundation, it seemed to him that the Section of Medicme and 
Physiology should rather confer it upon a pathologist, a physiolo- 
gist, or a bactenologisL But he was finally persuaded that one did 
not refuse the Nohel Pnze 

Stdl, to keep the storm of congratulations from breaking over 
his head sooner than need be, he tned to hide the fact that the 
pnze had been conferred upon him It was no use With crushing 
mevitabdity the press broadcast the news and the hated busmess 
began To the mountams of telegrams, letters, and honorary diplo- 
mas, other thmgs were added this time Streets and cordials were 
named for him He became the prey of the autograph hunters, of 
the seekers for petty smecures “There was some of everything,” 
he said, "and at the same time both grateful for it and wishing it 
would stop, I had to resign myself to it with a smile on my lips and 
sadness m my heart ” This went on for four months His digestion 
groaned from the nch dmners given m his honor His fingers 
Itched to get back to his experiments And all this m spite of his 
having long ago chosen as his field the most obscure and undra- 
matic of the sciences^ 

Many of the tnbutes did touch him deeply, especially those 
from his students and colleagues, and perhaps most of aU a gra- 
cious gesture from the physicians of Buenos Anres, who took up a 
subscnpuon to finance the publication of one of his books But, m 
the mam, the celebratmg was torture to him To emerge from the 
excessive attentions visited on one on such occasions in Spam, he 
says, one must have a heart of steel, the skm of an elephant, and 
the stomach of a vulture 

Coupled with his dishke for notonety was a gnawmg fear To 
be raised above the crowd is to invite the enmity of one’s fellows 
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RisnnmrcslinnlN from ilic IjovuIux ilini In': imnginalion pictured 
o'cn l>cforr lie Ind felt it': luting edge 

Hou, 1 nded nu'-clf, would ni\ former rival'; tile iny good fortune? 
Wlnl would ill iliow <cicnti’:t'; wlio'-c errors I hid heen unlucky 
enough to cxpo':c hive to siv nKnit me" Considering nil the invcsti- 
gitors who hid l>cen s^ much mote woitln of this honor than 1, how 
could I )ustif\ the livstnvuc s choice of mc' And, looking toward Spun, 
how would I l>c ihlc to ipj-ei'C the envv of rertnn professors some of 
them from m\ own part of the countn . w Im hid ilw 1 \ s thought of me 
IS a presumptuous mcdiocniv or n hird workiii” fioP Tor the greatest 
enemies of the Spinntds iic the Spinnnls tlu .iwtKes 

Events were to prove tint !ii< forelxadings were not ill founded 

Tlic laws of the NoKl roundation require tint those receiving 
pnzes attend in person the cirsinonv of formal bestowal, winch 
takes place in Stockholm on the tenth of Dcccmlvcr, the annivcr- 
<an of Alfred Nobel’s dcub Moreover, those who win prizes for 
scientific research must explain their discoveries m a public lec- 
ture Cafal set out for Sweden in a reluctant and depressed mood 
He amv cd on the sixth of Dcccmlver and w as at once introduced 
to hisco-slnrcr in the prize for medicine, Golgi, and to the Amcn- 
can statesman IdiccKlorc Uoosench, who, ironically (or so it seemed 
to war WTCckcd Spam), w as being awarded the prize for peace To 
Cajal, Roosevelt would alwavs remain "the man of the most im- 
petuously warlike temperament and the most out and-out impcnal- 
isi die United States has cv cr produced " 

Tlic king of Sweden, Oscar II, presided over the ceremony, 
which took place in the Ro) al Academy of Music Tlic wliolc royal 
family was there m full splendor, with the diplomatic corps, the 
descendants of the Nobel family, and a bnlliant assemblage of 
scientists and men of letters Tlic medals and diplomas were pre- 
sented mdmdually by the king Tlic gold medal given to Cajal 
had on one side, in relief, the bust of Alfred Nobel and on the other 
an allegoncal figure representing Medicine bnnging comfort to 
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the suffenng Below this figure Ca3ars name was engraved The 
diploma too was a thmg of beauty, designed by a Swedish artist 

The lectures given by the laureates took place a few days later 
Cajal gave his on December i2 before a large audience He kept 
himself stncdy to a simple exposition of the facts he had discovered 
and of the prmaples he had deduced from them As he always did 
when he was lecturmg m a foreign land, he gave his discourse m 
French, calhng it Les structures et connexions Acs neurones As 
usual, he illustrated his lecture with demonstrations of his prepa- 
rations and tvith large colored wall charts He made a pomt of 
praising the work of his predecessor and present partner m the 
pnze and he was smcere m his appreciation of Golgi’s pioneering 
He knew that it had m large measure helped him reahze his own 
accomphshments But Golgi, m his speech given the day before 
(also m French, La doctrine du neurone— theorte et faits"), had 
had no kind words for Cajal Instead of reviewing and analyzing 
all the new facts that had been brought to light, he tned— vainly 
and a bit ridiculously— to resuscitate his half-dead network theory 
He did not allude even once to the many thmgs that had been 
achieved m histology outside Italy or even m Italy since the remote 
date of his own work on the mmute structure of the nervous sys- 
tem If one were to judge from his lecture, no forward steps had 
been taken smce he had left the field— though, actually, immense 
progress had been made He made no effort, either, to correct any 
of his errors in the light of the newer knowledge, or even to admit 
them 

Retzius, a noble and discreet man, was m consternation [said Cajall 
and all the Swedish neurologists and histologists looked at Golgi stupe- 
fied I trembled with impatience as I saw that the most elementary 
respect for the conventions prevented me from offenng a clear correc- 
tion of so many mistakes and deliberate omissions What a cruel 
irony of fate to mute, hke Siamese twms hnked at the shoulders, adver- 
sanes of such diffenng naturesl 
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Hm on Uic \\lio]c. Gnil'*. inp to Swttlm w.t; jiloT^nnl I lo cv 
ploaxl v\ iili Vr< n ilu I lnj\ < rsiiv of lljKil i. tlic Stockholm 

Open llniiu', ilio '■1 umi’ imK. tlio hirhnr, ind tlic fino 7oologi- 
nlpirlv 71icn‘ v.i*. oni\ one otln r ili'^xtrd.un nou iK-euks Golgi’s 
l>cln\)or. ^nd dnt v> T«dne lo du jm nunen>vntv';\Mdi winch Spam 
nmnnmcd nv nnnwu i m S!<\1 Indni W lull du dij;ninnc'e of the 
other larpi cotinttic'. w e n ho\>M tl m e li I’.tin m tn'eioiw, the Spnn- 
tdi rcprc'-cnt nt\c h\cd m i dmt;\ mu nu nt 1 K nlont of nil the 
fonicn ininutcfvdid not y hnupu 1 1 *) honor tlu linrcilc from 
hu Imd Not that CNtil v nued .nunher htttepu i— ihi re had a1- 
u ich hrt n j ton ilnn < non-'h (oj hu i u-te Intt lu di plorcd Spamk 
hcl of premie m ^wi di n i'- tn dl the othi r n ttion«; of the world 


MlON<;oxni-Ttll lAlvl% 

^o^ln^t M'vKfe'u Citil\ tonrmv t<> Swi dt n. Alfnnm, con of the 
Qmxn necnii Matin C^ruima and |xvi)nintnuc clnld of the Intc 
J ini: h id lx conn nde r of S'p mt on hi< cr te < nth hinhdi\ , Mnv 1 7, 
toe; Two dn\s liter lu lu’d c/'hnmK jirotnutd to tiphold the 
Omctmiiion md jts liw*. Alfonco wic i hrii;ht l>o\, epoded, per- 
Inpv tm-utihK . ind nw d to ln\ >nt; Inc ov n wn\ Still he did have 
come re diT-ition of tlic rccponcihdituc of hu pocition and of the 
sterner dutuc of Chnsinn 1 mpdiip dlie prectipe of monarchy 
\nc iminenci m the I'nrope of locz Alihongh Alfonso’s powers 
were slnqd\ hnntid In the Constitution, he was still free to rule 
in the grand \nd he did 

In 1 9C5, he w ent to Hngl md to seel, a hridc I Ic soon met and 
fell in lo\ c with Princess \httona*Engenie, called Ena, who— as 
the niece of King Edward VII and daughter of the Princess Bea- 
tnee— was a granddaughter of Queen Victona Princess Beatrice 
had mamed the Prince of Battenberg (a title that during World 
War I w-as translated into Mounthatten) Even the rumor of 
a possible inamage between Ena and Alfonso stirred up an out- 
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burst of angry protest both m England and m Spam, for Ena was 
a Protestant and it was untbmkable that the queen of Spam 
should be anythmg but a Gathobc The prmcess, however, soon 
showed herself not averse to becommg one, and her godmother, 
the former Empress Eugdnie of France, herself a Cathohc, favored 
the imion So did Kmg Edward, who hked Alfonso and was 
pleased with the thought of a closer bond with Spam At this junc- 
ture Alfonso was warned that m Ena’s heredity, as a descendant of 
Queen Victona, there lurked a wasting illness— hemophilia, or 
spontaneous bleedmg She herself was not a ‘Tileeder”— the actual 
malady commonly afEects males only, but as a "earner” she could 
transmit it to any sons she rmght have Ena, however, was so lovely 
and radiant with health that it was hard for Alfonso to take the 
wammg senously 

All the arrangements were made for the weddmg On May 25, 
1906, the prmcess amved at the frontier of Spam, accompanied 
by her mother, her brothers, and her ladies-m-waitmg Escorted by 
Alfonso, they made a tnumphant journey to the palace of El Pardo 
near Madnd, for Spanish tradition forbade a royal bnde-to-be to 
enter the capital before her weddmg day 

The mamage took place a few days later, on May 31 It was a 
sparkhng sprmg day The aty blazed with the red and yellow ban- 
ners of the Spanish Bourbons Early m the mommg the prmcess 
had dnven with her mother m a closed car from El Pardo to the 
Mmistry of the Marme to put on her wedding gown and ved At 
10 30 she emerged from the Mmistry, followed by the Prmcess 
Beatnce and the Queen-Mother, Maria Cnstina The throngs 
that had been patiently waiting outside for hours for a glimpse of 
her shouted loud vtvas as she stepped mto the carnage that was to 
take her to the church The mamage ceremony— a nuptial Mass 
and Te Deum m the Gothic church of San Jerdmmo— lasted for 
three hours After it was over, the procession started for the palace 
m the afternoon sunshme, cheermg crowds hnmg the way 

There had been hmts that an attack might be made on Alfonso 
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and Ena on their wedding day and many safeguards had been 
taken to protect them All went well imtil the cortege had almost 
reached Ae palace Suddenl)^ as the carnages were slowly making 
their way along the Calle Mayor, a huge bouquet of flowers was 
throwm straight at the royal coach from an upper window in a 
house near by A bomb exploded when tlie bouquet hit the pave- 
ment, fiUing the air with smoke and chips of splintered wood One 
of the white horses was killed and some of tlie others wounded, the 
rest tned to stampede but a groom held them m check \Aflien the 
immediate danger was over, the young queen, pale and m tears, 
was helped into another carnage Its curtains had been drawn to 
conceal her from the crowd, but Alfonso drew them hack and the 
newly mamed pair rode on in full view of their people Later m 
the day Alfonso went out unguarded to visit the homes of the per- 
sons who had been hurt or killed that day more than a hundred 
had been mjured and thirty-seven w'ere dead 
Events later proved that the attack had been made by an an- 
archist from Cataluna, a young man of twenty-seven, named Mor- 
tal He had come to Madnd for this purpose a few days before the 
weddmg and had taken a room m the pension at No 88 Calle 
Mayor On the evening of May 30, he was said to have returned to 
his rented room vwth a large bunch of flowers As the wedding 
procession passed the house the next afternoon, he threw the bou- 
quet with the bomb concealed m it from his window and then 
escaped from the house under cover of the confusion M^en the 
Home Minister, Count Romanones, responsible for the safety of 
Alfonso and Ena, reached No 88, he found eight dead bodies 
heaped up on the steps outside it The mner staircase was stamed 
with blood, and as he burned up to the room from which the bomb 
had been thrown, he smelled the acnd explosive that had been 
used in it (Two days later, Mortal was captured and taken to the 
near-by village of Torrejdn, where he succeeded m shooting the 
policeman guarding him and then fatally shot himself ) 

Cajal was w'orking quietly m his laboratory while these dra- 
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mabc events were taking place in Madnd For days the city seethed 
with excitement But he pursued his research in his accustomed 
way, scarcely giving the screammg headlmes a fleetmg glance as 
he humed along the Paseo de Atocdia to or from his work Though 
there must have been animated talk at the Suizo when he dropped 
m for the afternoon gathermgsl 

The beautiful English girl who had become their queen was 
popular with her Spanish people and she learned their language 
quickly Her first son, the Prmce of Astunas, was bom eleven 
months after the mamage Within the next seven years there was 
another son, two daughters, and two more sons All four sons were 
afiOicted m some way— three were victims of the hemophilia m- 
hented from their mother and one was a deaf-mute 

Though Alfonso too was well hked in his youth, the early years 
of his reign were darkened by the conflicts of the vanous factions 
among his subjects who rebelled against the whole idea of mon- 
archy (Cajal was with them m spint, though he took no active 
part ) There were many threats against the long's life There were 
constant changes in the government, constant stmggles of Liberals 
against Conservatives, clencals against anbclencals The progres- 
sive mdustnal North, led by Cataluna, with its chief city Barce- 
lona, was contmually at odds with the less advanced agncultural 
South For a short time the Liberals seemed to be gaming ground 
Don Segismundo Moret, a smcere Liberal and a fnend and ad- 
mirer of Cajal, became premier m the latter part of 1906 But he 
was soon succeeded by the Conservative Marqms de la Vega de 
Armijo, who m 1907 was followed by another Conservative, Don 
Antonio Maura 

Maura was a strong Catholic but he was not a clencal He ruled 
as an enhghtened despot and managed to brmg order to Spam 
and to effect considerable reform m the cormpt practices by which 
the political 'Txisses” controlled local elections He also put through 
some good labor laws and strengthened the police 

At diis pomt Spam became embroiled in a disastrous war against 
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the Berber tnbesmen of die Ri(T Alfonso had been mancurcred 
into It by the poliucians Seeing die success of a similar French 
adventure in Morocco, the Spanish unpcnahsls urged the king to 
try his hand at die popular game of snatching at empire Spain did 
succeed m winning a zone of induencc across die Strait of Gibral- 
tar, an area about die size of die stale of Massachusetts Tins zone 
Mas backed by die mountain chain of the Riff Native tribes Ined 
m diese mountains and from time to time they would swoop down 
upon die Spanish setdements, it w'as not long before troops had to 
be sent out from die homeland to protect the colonists War broke 
out officially in July when Spanish workmen building a road from 
the towm of Mehlla to some mines in the hills were attacked by 
native wamors 

As he saw in the streets of Madnd groups of young soldiers 
about to be shipped out to the Riff war, Cajal must have felt again 
the lees of bitterness and futility liis Cuban experience had left in 
him Was there to be no end of this useless miser)' of overseas fight- 
ingt> The Spanish people as a whole had hide stomach for diis war 
The army too was already wear)' of it and sensed die venture to be 
the political juggling it was Tliough the soldiers could not mutiny, 
the people could rebel And soon laborers in the slums of Bar- 
celona did stir up a revolt against it By early August Barcelona 
ivas a storm center, all communication widi Madrid cut off Tlie 
mob batded the police and sacked churches, convents, and mon- 
astenes for a week At last the leader of the terrorism was captured 
He was Don Francisco Ferrer, a man in his fifties, a militant atheist 
and founder of the confraternity of anarchists of which Mortal 
had been a member Fewer was knovm diroughout Europe as a 
freethinker, an advocate of free love, a strong adversary of clen- 
cahsm, and founder of lay schools aimed at the educating of the 
ilhterate masses of Spam To a considerable degree, he was a true 
mtellectual and an idealist with a sincere belief in the nghtness of 
his mission Upon his capture, he was promptly court-martialed 
and shot His death caused a burst of mdignation throughout the 
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Continent and he became a martyr m the eyes of his followers, 
mcitmg them to further revolts agamst the monarchy and all that 
It stood for 

It was largely as a result of this Barcelona upnsmg that Prime 
Minister Maura lost his prestige with the people Moret made a 
funous attack upon him m the Cortes, accusing him of havmg 
sacrificed Ferrer to the clencals His government stdl further 
weakened by reverses m Morocco, Maura resigned m October, 
1909 

A new cabmet was formed under Moret, who sent General 
Weyler to Barcelona to keep order and released many political 
pnsoners who had been captured dunng the terror— some of them 
Socialist or radical ]oumahsts Under the new law restraining the 
traditional corruption of local elections there was a strong trend 
toward the Left throughout all Spam In February, 1910, the 
Moret mmistry resigned and was succeeded by the mmistry of 
Canalejas 

Don Jos6 Canalejas, hke Maura before him, was a devout 
Cathohc and at the same tune an anticlencal Loving the Church, 
he deplored the machinations of those who tned to exploit it for 
their ovra self-mterest He had been a strong Liberal, looking 
askance at the monarchy, until m time he had become convinced 
that the enthronement of Alfonso did express the wdl of the 
majonty Then, too, Alfonso had started out as a Liberal and 
Canalejas beheved the young lung smcerely meant to establish a 
constitutional monarchy on the English model So he had thrown 
m his lot with Alfonso But Canalejas never wholly satisfied any- 
one The Liberals, who were more often than not anb-Cathohc, 
railed agamst his Catholicism, while the Conservatives deplored 
his hberahsm and his anticlencahsm And as the king’s youthful 
liberalism waned, he too found Canalejas troublesome, for the 
mmister mterfered with the full exercise of the royal prerogatives, 
which were now loommg large m Alfonso’s disillusioned eyes 
[224] 



The Human Ccrehruin Stanivtcrs Some of Its Secrete 

In their struggle against the grownng power of the anstocrats, 
the clerg)% and the army, as well as the growing conscr\'atism of 
the king, the Liberals accused Prime Minister Canalejas of betray- 
ing their cause in allowing Alfonso to come to a secret under- 
standing wdi the Church He defended himself vigorously against 
this charge in a letter to his fnend, the republican novelist P6rc2 
Gald6s ' But his prestige was waning and no amount of explaining 
could restore it On November 12, 1912, while walking to the 
Home Ministrj', he slopped to look at some hooks displayed in a 
bookstall at llie spot where the Calle de Carretas runs into the 
Puerto del Sol A man in a dark-blue suit and a dark overcoat stole 
up behind him and shot him twice, w’ounding him in the temple 
and behind die ear He was rescued by some people near by and 
taken into the Ministry', where he died a few minutes later Tlie 
assassin proved to be one Pardinas, a native of Aragon, w'ho had 
been appointed by a group of anarchists to shoot the Pnme Min- 
ister With die death of Canalejas, Alfonso lost one of his sanest 
and most disinterested advisers Henceforth he would pursue to 
the end his mistaken policy' of increasingly reactionary rule Count 
Romanones was put in Canalejas’ post He was succeeded for a 
short penod by Dato and later restored to office a second time 


CAJAL AS EOUCATOIt 

When CAjVLhad returned from Stockholm m 1906, Don Segis- 
mundo Moret, then Premier, had urged him to accept die post of 
^ Mmister of Public Instruction Cajal did not feel himself to have 
^ the qualifications that make a politician and had no liking for the 
1 role But a long tram of events led to his final acceptance 

Don Segismundo was determined to bnng about reforms in the 

Benito P^rez Gald6s (1845-1920) One of the foremost novelists of his 
toe, noted for his histoncal fiction and his romances of everyday hfc m 
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Constitution and to introduce laws more truly democratic tban 
any ever vratten on the Spanish statute books He made it clear to 
Cajal that his co-operation was a patnotic duty, pomtmg out— a 
fact Cajal well knew— that the educational system m Spain needed 
revampmg from top to bottom Cajal was stirred by his urgmg and 
made some practical suggestions for changes m the university cur- 
nculum He recommended that emment professors from other 
countnes be engaged for a few years, that bnlhant students be 
sent at government expense to attend international saenbfic con- 
ferences to meet foreign mvestigators, that industnal colleges be 
estabhshed for those with special skills along the hnes of commerce 
and mdustry, that health and character-buildmgbe fostered among 
university students as was done in England, and that an mstitute 
for advanced research be fovmded m which professors m the Span- 
ish universities might have at their command the facihties and 
equipment they needed to carry on their onginal work Don 
Segismundo agreed with these ideas completely, and was now 
more eager than ever to have his help At last Cajal hesitandy 
agreed 

While attending the International Medical Congress at Rome, 
away from Moret's persuasiveness, Cajal thought the whole matter 
over and decided that it was not for him He wote a letter to Don 
Segismundo telling him so Moret was angry at him for changmg 
his mind, but he forgave him— after he had succeeded in makmg 
him change it back agam Don Segismundo’s own position was 
always precanous, however, and in a few months his mmistry fell 
without having attained any of the goals he had set for it 

But Cajal was destmed to be an educational reformer all his life 
He collaborated m the formation of the Committee for Widening 
the Scope of Educauon (Jimta para Amphaci6n de Estudios) and 
was Its president for many years He saw clearly the imperative 
need to put Spanish youth in contact with the source of scientific 
creativeness m other lands Through this realization and through 
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liii; cH'ons \o !iiu pul. hr jnllnrnrctl tihmonn nt innny 
poini< In ilu qinlitv ttf hr. infhn lur .t- . il"» jh hi' j>rr’nnilii\ n*. 
a iciclnrr lir icMrinhlnl Cinct <!r hr Uh) . <)i‘ in of Spinuh rdnti- 
iioml tch'rmrrv ntul Mriunth? ritlil,’ nnnunt Sjunvh nine 
and man of lent o- 

As tin \cai^ }'iv td, CAnd *. ptopi (d nfo.nn v.cto adoptnl m 
the Spinidninnri'iuc '- 10 i cnji idcnMt r'lrjit 1 foni iln ('jK*n 
cnccs of Inv owai l''nhf»'\l. lu hid di\rl"jHd i ‘noni* tir I nu for 
thcs\<.;ini In v.liicli ^pinrli ’-nidrnt > v.rjt fon.rd tuM*.,dlov lirp’ 
dcnesofdu'ortJK d d itnndi nipi\ foinnd’i v. nhom OMiipnlu nd 
mi; dun ml jncinnu’ nt dim apphrvnon in hfi lo d»>i.o\ir 
Jnitli.Cnal v.i con\iiurd.o!u nun; no* nitn tin nnnd inx*. nd (n» 

itself iiui ouuMtd to ohianvr irdiia "'Hk tno i Indh nil drun- 

* 

cnes/'hcwrtno,' in\t Km dm noito i) mmlrderof v.intmloi’ic 
hut to tint In invi lope tint nun jw* c' in Im •pint, hy v'.hiih hr 
chlioratt's idfs as uncoji'i-iouslv as Jontilnn’ •pole pnm . 

Men of genius do not Kn*. to v.iiitm rule , tlun prefer to nnlo 
tlicin As Omdorett* m\s, ''Hn. nuduKrt tan K tduwtid, Imi 
genius educates itself ' " 

In liarnion\ with ihisw n of ihinhinp in his IvkiI of \d\ice to 
)oung remrehtrs, Ilrrlos j rrM5<ejus, Cqal dintts his suggesnons 
to the mil nulurtlnn tothi intelKxt Hie mil lo-it in he t duelled, 
he declared, in<l e\tr\ nnsiequti,e in .m or stunte is Imuii of ,i 
great desire on the pin of its cr<. uor ’‘Uuldncss iras its strength 
and conquers or is conquered, hut exeessne tnodestv avoids the 
battle and condemns itself to slnnitful in letum ” 

* Ram6n Mcnende? I’jiiil (Iwm i8()y) Sntc-^imn, criiit, nlucator, 
editor, tmn of letters Pnifcs^ot of Uonnoce Plulolo^n at Unnersuj of 
Madrid Mcmixr of the Juiin pin Amph'iiun tie l.suulios Ixetored nt 
Johns Hop! ms Unnersits .ind u various South Amencm tduauiond m 
sutuuons In 1913 was named Counselor of Puhhe Instruction m Spain 

® Monsieur Jourdam, leading chancier lu Mohi re's comedv Ix* Imiirgc 01s 
gentilhomnie On heanng “prose” defined hv his hte'nture liacher, he was 
amazed to realize that he had bea-n speal mg pro<^e all Ins life 

* The Marquis dc Condorcet 1 rcnch metaphysician 
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More concretely, in giving advice to young scientists, lie urges 
them first to know well all the relevant hterature to date Once 
this is mastered, they should stnve to make their own observations 
as objective as possible, yet reahzmg that they can never be entirely 
so Certam emotional colonngs are bound to enter into them 
Though these must he held firmly m check, they should not he 
crushed utterly— they have their value Emotions— enthusiasm, 
keen mterest, the vmll to succeed— hght up the cerebral machine 
and give it the heat it needs to become the forge where fortunate 
mtuiUons may be molded mto theones 

Though his faith m the transformmg power of education never 
waned, Cajal’s natural impetuosity was tempered with the years 
His fnend Dr Martinez Vargas tells that once durmg the dictator- 
ship a decree was pubhshed diat was thought to he detnmental to 
the nghts and the dignity of the Committee for Widenmg the 
Scope of Education, and the Committee wanted to resign in a 
body as a gesture of protest But Cajal firmly and quietly dissuaded 
the members from domg this— it would mean the sacnfice of the 
work of many years Spanish education was worth more than their 
hurt pnde 


BATTLES WITH DBS HELD AND APATHY 

Cajal had feared the envy and hostdity that his wmnmg of the 
Nobel Prize would incur He had already had a taste of these in his 
contact with Golgi at Stockholm It was not long before his presen- 
timents were justified agam In 1907, a man who had been his 
fnend, had even translated one of his hooks. Dr H Held of 
Leipzig, showed his antagonism m an article presenting his cnti- 
asm of Cajal’s defense of his neuron doctnne In 1907, too. Dr S 
Apathy, a Hunganan naturalist and scholar, expressed his anger 
at certain objections Cajal had made to a paper of his on the con- 
tmuity of the neurofibnls in worms Yet Cajal had raised these 
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objcciions four c-irlicr, and Ajuiln h.ul never oj>enl) ex 
pressed Ins resentment l)crore 

Tliougli stunned In these* ntincKs, Cipl Upi Ins lioi temper in 
clicch In answering Ins opponents, he cart fulK uoided any pe’r- 
sonnl remarks and ainfnud himstlf siritilj to a sine, rtasoned, 
tactfully worded di.fense of the Hientdie st nul lit h ul tal cn I lis 
rcfuiauon of Held's jxisition Ins Iwin confinned In the findings 
of later )cars As for the \ioltnt Apitin, who wrote a shtif of 
denunciator) l>ooks and piptrs aixmt Qijil's oh-^tn iiions and 
iliconcs, after Cijil's answer lie was not heard from again 
Whether tins was due* to pique or (oimhiht) input forth any more 
arguments, it is impossihle to saj Cajil was eh irmhli enough to 
interpret Ins silence as eontntion Another Inttle Ind Ik cn fought 
and won for the neuron doctrine llm even in the glow of \ letor) 
Cajal knew* that tins battle was not to lie the last 


A rnuirruL nrcAnr 

TiiE^rAns from 1907 to 191 j pissed quitkl) They were tears of 
vigorous investigation and discovert Tar from resting on Ins 
laurels, Gijal was dciemnncd to cam new ones Much of his into- 
biography wis written in this period ' Also he completed 1 num- 
ber of monographs on vanous aspects of the comparative and 
patliological anatomy of the nerv ous st stem Tins w ork w as cineny 
concerned with the cerebellum, the mcdulh oblongata, the 
acoustic ganglia, and the sensor)' and motor neurons 

His pnncipal achievement, however, was an ethausliv'c study 
of the processes of degeneration and regeneration of the neurons 
and the axons of the ganglia, the cerebellum, the cerebral hemi- 
spheres, and the spinal cord His findings fully confirmed the 
ncurotropic h)'pothcsis he had formulated as early as 1892 His 

^ A new edition was published m 1923 
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investigations were earned further by Dr Francisco Tello,® work- 
ing closely with Cajal The immense mass of data their expen- 
ments garnered definitely refuted for all time the then current be- 
lief that the central nerve tracts cannot ever he regenerated The 
fruits of their research were collected mto two large volumes, 
Estudios sohre la degeneracidn y la regeneracion del sistema ner- 
vioso (Studies on the Degeneration and the Regeneration of the 
Nervous System) The pubhcation of this now classic work was 
paid for by the physiaans of the Argentme Republic, who pre- 
pared for It a foreword expressmg the high estimate they placed 
on Cajal’s contnbutions to neurology This work was one of the 
crowning achievements of his career It was reissued by the Oxford 
University Press m Enghsh translation m 1928 

Dunng these same years Cajal worked on new methods of pre- 
panng his matenals for study— new stams and new techniques that 
would yield more mdisputable and more imiversaUy reliable re- 
sults The perfectmg of such procedures is a formidable task, exact- 
ing unending patience and scrupulous care 

Oh, the fevensh and impatient hours [he wntes] m which one 
anxiously awaits the fortunate reaction which flirts without surrender- 
ing! Xhe most senous thing about work of this land is that whole years 
may be consumed in it without one’s discovenng anything worth while 
And the disappointment when the chance discovery of interesting reac- 
tions cannot be repeated even after persistent effort and endless tnal 
and error! 

It had been by just such a fortunate accident that m 1 892, while 
examining pieces of the bram of a young rabbit stamed by a mix- 

® In 1931 Dr Francisco Tello pubhshed a report of certain experiments 
of his in which fragments of penpheral nerve were implanted m the bram 
The results seemed to demonstrate that the neurons of the central nervous 
system can regenerate themselves, just as penpheral nerves often do, and 
that this regenerative process is stimulated by neurotropic substances pro- 
duced m degenerating nerves— thus furmshing added experimental sup- 
port to Cajal’s neurotropic theory 
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lum and disclosing facts about its embryonic development and its 
behavior m the process of degeneration and of regeneration 

Aided by his pupil Achucarro, Cajal invented still another stam, 
usmg gold sublimate, a simple procedure by wbich the neurogha 
of the cerebral cortex can be impregnated with a violet color The 
use of this method proved mvaluable m permitting the study of 
the pathological changes in the human gha m paralytic and senile 
dementia (work earned on by Achucarro) and of the softenmg of 
the bram (studied stiH further by another pupil, Pio del Rio 
Hortega) 

As a change from the more senous work done m these years, 
Ca3al reverted to the artistic leanmgs of his boyhood with the 
preparation and publication of a book on color photography, givmg 
an analysis of the scientific principles underlymg it He had not 
imdertaken this work solely for his own pleasure It was also to help 
his eldest son, Santiago, to find a suitable career to which to devote 
his life This young man, the one of all Cajal’s children who most 
resembled his father both m looks and in temperament, had con- 
tracted a senous heart ailment early in his boyhood He was not 
strong enough to enter one of the learned professions, so his father 
set him up as a bookseller, chiefly to give him somethmg to do and 
to uproot his deep feehng that he was unable to cope with normal 
hvmg The book on color photography was to stimulate his efforts 
as an editpr and to provide the start for future undertakings of a 
similar land But Santiago died m 191 at twenty-nine years of 
age, before his father’s plans had reached fruition, and Cajal had 
to be both author and editor 

Cajal’s second son, Joige, is also dead His death occurred m 1937, 
three years after his father’s He was a physiaan and hactenologist, member 
of the Institute of Hygiene of Alfonso aII He was mamed to Dona Marfa 
Conejero The youngest son, Don Luis, also became a doctor Coal’s three 
daughters, F6, Paula, and Pilar, are still hvmg in Spam Dona roamed 
Dr Tomds P^z de Tudela, a physician Dona Paula also mamed a medi- 
cal man. Dr Angel Canadds Dona Pilar mamed an artist, Don Josd PadnS 
Cajal had severd grandchildren before be died m 1 934 
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Another detour from the path of pure scientific wnting was 
Cajal’s Cuentos de vacaciones (Holiday Tales), also wntten in 
this penod These were populanzed science stones by "Dr Bac- 
tena," the nom de plume under which Cajal had published several 
pseudo-saentific wntmgs m his youth He did not offer this book 
for sale but merely gave copies of it to a few of his fnends, hoping 
that some day he might have a chance to remedy its defects and to 
get It out m a proper edition 


LATER YEARS OF ALFONSO's REIGN 

When World War I burst upon Europe with startimg sud- 
denness m 1914, Spam was enjoying a penod of progress un- 
precedented m many years Alfonso had at last succeeded in 
consohdatmg ivamng factions to the greater matenal prospenty of 
the whole nation It had not been easy and the Liberals were still 
far from content 

When the war began, both sides tned to win over Spam The 
people were divided The workmg classes, the tradesmen and m- 
dustnahsts, and most of the intellectuals were for the Allies, the 
clergy, the army, and the anstocracy were pro-German All agreed 
on one pomt, however Spam had no stake in the war and should 
stay out of it The mmistry of Count Romanones was frankly 
Liberal and pro-Ally But Spain’s neutrality was proving to be 
profitable There was full employment m filling the war orders 
that flowed m, and great wealth from foreign shipping As the 
profits from shippmg grew, so too did the number of torpedoings 
of Spanish vessels by German submannes off the coasts of Europe 
By 1916 Spam had lost 30,000 tons to the U-boats and probably 
50,000 more as an indirect result of submanne warfare When 
^^^nnany tned to blockade the Alhed coasts, Coimt Romanones 
sent the Kaiser a stem note denouncmg this policy But, realizing 
that sterrmess availed nothmg unless his people were ready to 
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figtt, he resigned his office, since he knew that public opinion 
would not hack him up to that extent m his pro-Ally leanings He 
lost the leadership of his party and was followed by a mmistry 
determined to preserve Spam’s neutrahty at any cost 

The situation was comphcated stiU further by a revolutionary 
movement that began m the army about 1916, resultmg m the 
forming of the so-called committees of defense These self-ap- 
pomted committees mterfered with the Government and, although 
they were stoudy resisted, the Government soon showed itself 
powerless to suppress them The success of the committees stimu- 
lated other revolutionary groups to assert their power Soon all 
Spam was m a ferment of rebellion, demandmg radical changes m 
government and reforms m the Gonsbtution On August 13,1916, 
a general stake paralyzed the whole coimtry A state of war was 
declared This revolt was eventually put down by the army, thus 
proving the military committees of defense to be the sole strong 
force m Spam 

The Alhed victory m 1918 brought an upsurge of democratic 
feehng, particularly m Barcelona, where stafe again broke out be- 
tween the army and the civil authonties The government then m 
power resigned, and the Conservative leader, Don Antonio Maura, 
took office on April 1 5 Shortly afterward, Maura asked Alfonso 
for a decree to dissolve the Cortes To the dismay of all parties, this 
was obtained, it amounted to a practical coup d’6tat on the long’s 
part But Maura’s government fell soon after— on July 20 It was 
followed by other precanous governments equally meffectual The 
whole trend of the penod showed the disintegration of the system 
of ta'O political parties which had been instituted years ago by 
Cdnovas and Sagasta and had up to now served the long m good 
stead in giving a semblance of true constitutional government on 
the English model The rapid detenoration of the old system was 
due to three mam causes its own mtemal weakness, attacks from 
warrmg factions— Soaahsts, radicals, Catalan home-rulers, and 
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tlicncu miliinr) comituiici*., vvliicli liad in tlTtx'l tnUn oxcruliai 
poluica] pouor\\‘a‘<)ifi 

The war had Imnij^h? wcilili lo ilu SpaniOi middle 
Voles were now harder to Inn 'I lie nntlime jmhltcos could not 
now control elcciions as simK as iluv li id once done In an cfTort 
to cope with this stiti of affairs. Alfomo swerved openK to ahso 
lute rule as far ns he could nianam it In this he was Ineled 1w a 
large munlxr of Ins suhiests. who had s;inwn iiiipatient wath the 
meaningless show ofaparhaim in irnnisiii with noihingof ihes\il> 
stance of tnie dcniocracv in it llndtnieaih a seeming eoniplaccnc) 
were insurgem crosscurrents, stcthing intrigues, and an alionwc 
moicnicnt for the independence of Catalunn 


SPANISH insToiora i\ ittr wap and 
EAPL l POSTWAH VLAPS 

In the midst of this political and social welter, Cajal and his 
assistants worhed doggcdlv da\ after dnv in the Lalioratorj' of 
Biological Investigation Tiic war )cars had hrought onlv sorrow 
toCajal His health had failed I ! is old /cst was gone Continuance 
of his worh was made more than ever difl'ieuli In the fact that for 
si\ years now he had Iveen cut off from the scientists of other lands 
and thus from the mam current of scientific thought in the world 
Not iliat much was Ixiing done in pure histological research any- 
w'herc in these jears Incv'itahly the war h.ul focused attention on 
die more immediately practical aspects of scientific study— find- 
ing new ways by which broken bodies might be patched up 

quickly, and at the same time devising new methods of destruc- 
tion 

A few important discovcncs were made by Cajal and Ins co- 
workers by sheer perseverance, lacking the old fire To the paralj'Z- 
mg mood of futility was added anodicr handicap Tlic cost of 
scientific instruments and reagents imported from abroad had 
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doubled and the difficulties of obtaining them had multiplied 
as the war went on The pnce of pnntmg, paper, and engrav- 
mg soared almost beyond the modest means of Cajal’s labora- 
tory 

When the war was over and communication with the outside 
world was re-established, Cajal learned with sadness that most of 
the foreign scientists who had been his fnends, men interested m 
his work and able to evaluate it, were dead Van Gehuchten had 
died an exile in England, his fine library and his collection of speci- 
mens burned in the destruction of the University of Louvain 
Waldeyer, Ehrlich, Retzius, Edinger, and Krause were dead too 
Happily, Amenca stdl held a few men who knew Cajal’s work and 
could follow along the course he had charted Most of the remam- 
mg scientists did not know Spanish, and for years after the war 
Cajal was to have the disconcertmg expenence of seeing men of 
other nations announce as their own, discovenes that had been 
made fifteen or twenty years earlier in Spam 

He came to realize more keenly than ever before the imperative 
need of havong his own and his co-workers’ wntmgs promptly 
translated into the better-known languages of Europe Immedi- 
ately after the end of the war he set about having the most impor- 
tant of his already published works translated into German, Eng- 
lish, and French He now saw that he had made two great tactical 
errors m the early years of his scientific productivity, errors that 
had contributed a great deal to the general ignorance of his 
achievements First, he had too often failed to have his matenal 
translated, m a mistaken belief that a knowledge of French and 
Italian, qmte common among the scientists of the time, would 
enable them to cope adequately with Spanish And second, he had 
mcluded accounts of his most important findmgs in large volumes 
which, when published, proved too expensive to command a sale 
large enough to give them the wide circulation they should have 
had even among mvestigators m his field 
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Fig 9 —Protoplasmic Neuroglia of the Cere- 
bral Cortex of a Normal Adult Man (Stained 
by Cajal’s gold-sublimate method ) A, protoplasmic 
astrocyte, B, neuron with short axon, a, b, pencellu- 
lar pedicles with neuroghal appendages, c, fine pen- 
vascular pedicle (Courtesy of Dr Francisco Tello, 

Dtrecior, InsUtuto Cajal, Madrid ) 

In 1918, for the first tune, Cajal succeeded in photographing the 
neurofibnls ivithin the neurons He also outlined a method of pro- 
curing colored transparencies of these threadhke structures for pro- 
jection on a screen It was m this same year that Dr Pio del Rio 
Hortega, working in CajaVs Laboratory of Biological Research, 
differentiated two types of cell m what Cajal had labeled the “third 
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element” ® of the nervous system He found that these cells dif- 
fered from each other m ongm, structure, and physiological fea- 
tures and gave them the names microglia and oligodendroglia He 
could not have made this differentiation without the use of the 
silver-carhonate stam that he had invented some time before 
Through it, he discovered all the essential facts known today about 
these cells 

In his unpublished memoir® which he called El maestro y yo 
(The Master and I) Rio Hortega tells the story of his discovery and 

® Neuro^ta or glia — connective or supportive element of the nervous 
system as contrasted with the true nerve cells, the neurons The neurons 
and the neurogha were the two known elements of the nervous system, the 
hitherto undifferentiated microgha and ohgodendrogha constituted Cajal’s 
so-called "third element.” 

The mvesUgations of recent years have added considerable information 
about the exact relationships of the mtersUtial tissues of the central nervous 
system to one another, largely through the use of the silver stains mvented 
in the laboratory of Ram6n y Cajal Four forms of gha are now recognized 
ependyma, macrogha, ohgodendrogha, and microgha The ependyma make 
up the lining membrane of the ventncles and of the centi^ canal of the 
spinal cord The macrogha provide the prmapal interstitial tissue for the 
support of the neurons, they have processes going to the blood vessels and 
may have a nutntive function The ohgodendrogha are small neuroglial 
cells with few dendntes, they are foimd m great numbers m the white mat- 
ter, arranged in rows, and m the gray matter, where they are often grouped 
near blood vessels or about nerve cells as satelhtes Microgha are small cells 
with spiny processes, found scattered through the central nervous system 
Macroghal cells are important in the repair of injured nerve tissue, some- 
times they multiply beyond need and form a tumorhke growth called a 
ghoma It IS now believed that the ohgodendrogha deposit myehn around 
the axons early m hfe They may play a part in the repair of axons stopped 
of their myehn as a result of mjury or illness They may also act as phago- 
cytes and carry away degenerated myehn The microgha appear to be scav- 
enger cells, they are found near every degenerative hram lesion Some 
authonties heheve the ohgodendrogha are scavengers too, especially m the 
white matter of the spmal cord where the microgha are scarce 

® Matenal generously supphed to the author by Dr Moises Polak, Direc- 
tor of the Laboratory of Histological and Histopathological Research of 
Buenos Aires, an institution founded by Dr Pfo del Rio Hortega, who 
became its first director Translated from the Spamsh 
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descnbes the personal dilemma in winch he found himself while 
he was malong it 

As soon as it was dewsed [i e , the silver-carhonate stain] I seemed 
to sense a certain suspiciousness toward me Perhaps I only imagined 
It In any case, I paid little attention to it, absorbed as I was in my work 
I was beginnmg to glimpse somethmg of possible importance, and I 
was at the same time encouraged and dismayed by it, for I was sure 
that what I was about to find would not conform vwth what the master 
had disclosed on a subject he had wrestled with only a few years before 
and thought he had definitely settled Through the use of his selective 
stain, Cajal had revealed in the interstitial w'arp and woof of the nerv- 
ous tissues, in addition to the well-known neuroglia, elements that 
had no cytoplasmic prolongations These he called "corpuscles without 
processes” or the “third element” 

I was beginnmg to doubt the accuracy of this concept Without ques- 
tion, there are cells diffenng from the classic neuroglia, but they do not 
lack processes, as Cajal had supposed He had gone astray because he 
had assumed that his technique would show the ramifications of the 
neuroglia with absolute certamty, and he denied their existence when 
they were not visible. Neverthdess, every day I foimd evidence that 
the supposed "corpuscles without processes” dtd have prolongations 
But if I should succeed in provmg that they did, I should have to make 
a new mterpretation, rectifymg the master’s idea m part Would he 
thank me for that"? I was afraid he would not, seemg that he was quite 
attached to his view about the third element and some saentists abroad 
had already accepted it. 

If Achucarro had been at the laboratory, Rio Hortega would 
have confided his problem to him, but Achiicarro, stncken wuth 
tuberculosis, was slowly dymg at his home after a useless rest cure 
in the Guadarrama Mountams So he said nothmg to anyone at 
first His researches progressed with unmterrupted success He 
aheady had enough facts to estabhsh a hypothesis and should soon 
publish his findings if he wished to claim pnonty, for now that he 
had made known the special method he had devised and used, 
others would he sure to make the same discovenes shortly But 
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months went by while he was tom between the conflicting emo- 
tions of personal loyalty to Don Santiago and the natural desire 
to have his own work known and valued Cajal seemed to him to 
show scant mterest m his mvestigabons on the “third element” 
and never encouraged him to publish what he had found But Rio 
Hortega did wnte his report at last 

After a year of hesitation, I made sketches, edited my paper, and one 
day nsked showmg it to the master, reading my conclusions aloud to 
him I remember the day very well We were standmg together m the 
hbrary He hstened attentively and when I had finished reading, he 
made this observation “I think your assertions are too darmg They 
will arouse a great deal of controversy ” ‘T know that, Don Santiago,” 
I rephed, ‘hut I am so sure of what I have found that, no matter how 
sdent I keep now through too much prudence, others will surely point 
out the same thmgs very soon, for they are too evident to be overlooked 
much longer now that there is a method by which to demonstrate 
them 

Rio Hortega did finally publish his observations and, as Cajal 
had predicted, they did cause controversy The dispute finally 
ended m the confirmation of Rio Hortega s discovenes, though 
Cajal took no part m it, and in his autobiography he attnbutes the 
discovery of the microgha to Achucarro, saymg that Rio Hortega’s 
contnbution was the detailed study he made of these cells m the 
bram tissue But Achucarro never claimed to have discovered the 
microglia Rio Hortega both discovered them and studied them, 
and not m the brain alone, but throughout the entire nervous 
system 

Why Cajal should have been imjust to a follower whom he 
seems to regard so highly whenever he mentions him m his wnt- 
mgs. It would be difficult to say Could it have been because of the 
ngidity of old age, which made it impossible even for this fair- 

10 Evidence for this view is presented by Dr Moises Polah in his P/o del 
Rio Hortega (1882-1945), pubhcation of the Archtvos de htstologia nor- 
vial y -patdUSgica, Buenos Aires, Vol 3, September, 1947 
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minded and kindly man lo mluate the j-oungcr man’s work at its 
proper wortli> Podiaps. Perhaps, too, a more open and straightfor- 
ward approach to him on Rio Hortega’s part, if he had been able 
tomakeit—an approadi with more confidence m it and less assump- 
tion in advance that Cajal tvould be hostile— might have made 
Don Santiago more ready to accept tlic new facts rectifying what 
hehimsclf had thought Or perhaps he quite honestly did not think 
Rio Hortega had prot'cd his thesis sufficiently well at the time they 
discussed it to connnee him that it was unassailable He may have 
made a wholly unintended mistake when he attnbuted Rio Hor- 
tega’s discovery to Acliucarro, who was dpng when it was made— a 
mistake due to a slip of memory, to advanang years In any case, to 
be unrecepuve to the honest proof of a well-founded hj'poilicsis 
offered by one of his students was tlic last tiling Cajal would have 
ivished. 

Dunng the postwar ^-cars Cajal made detailed invcsugations on 
a subject perennially fasanaung to him tlic retina and the optic 
center of insects In tins rcscarcli he W’as aided by lus assistant, Don 
Domingo Sinchez, In his study of the retina and die opuc mccli- 
anism, with its ingenious adaptauon of means to end, Cajal felt 
his faith in Darwanism shaken for the first time Here he sensed 
more dearly than in any previous investigation he had made what 
he calls "the shuddenng sensation of the unfathomable mystery of 
life," He was intngued by the elaborateness and the effiaency of 
die insect eye. "Compared with the retina of these comparatively 
humble representatives of life, the retina of birds and of die higher 
mammals seems coarse, crude, and elementary,” he wrote “The 
^ comparison of a rude wall dock with an exquisite tiny watch would 
give the idea, the eye of the insect not only consists of more ddicate 
mechanisms but combines, besides, highly complicated organs not 
represented m the vertebrates at ajl ” 

His next pubhcation dealt with the small simple eyes that in- 
sects possess in addition to their large compound eyes He tried to 
formulate a reasonable hypothesis as to why msects have such eyes, 
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wliat biological function they serve He came to the conclusion that 
the compound eyes are the mstrument hy which the msect per- 
ceives color and sees durmg the day, and that the simple additional 
eyes have to do with the perception of vague, uncolored impres- 
sions, and hence are chiefly adapted to night wsion He also made 
further investigations on the cells with short axons m the fetus of 
the mouse— mvestigations completed and perfected later hy Doctor 
Tello The chief product of this work m 1919 was a study on the 
development of the sensory nerve endmgs, and m 1 920, a study on 
the sensory apparatus of ants 


THE MASTER AND HIS SCHOOL 

Dr Fernando de Castro, a leader in Spanish saence today, gives 
this picture of Cajal and of his teachmg durmg the v^ar years and 
the years immediately foUowmg 

I ca m e to know Cajal m 1914 during my first year m the medical 
course. He taught histology His students were awed hy this encoimter 
with a man who was recognized as a leadmg saenufic figure Cajal’s 
wgorous voice helped to make the drjf subject he taught an mterestmg 
and pleasant one, and his teachmg was at the same time remarkably 
profound and luad 

He had the romantic air of the professors of the time. He used to go 
about wrapped m a volummous Spanish doak, just as Joaquin So- 
roUa pictured him m his portrait. 

It was not usual to have projectors m the dassroom m those days 
Cajal made up for this great lack by accompan}nng his explanations 
with mari'dous drawrmgs on the blackboard, all of them revealmg his 
extraordmaiy talent as an artisL 

Usually he devoted the first quarter-hour of the dass penod to ask- 
mg the students questions on the matenal that had aheady been pre- 

Translated from the Spanish From a personal commumcaOon to the 
author 

“ Joaquin Sorolla y Bastida Ci 863-1923) Spanish pamter 
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l*\en di\ he v rat M the 1 cnlt\ Mrdunie to ono lin IcxtiiiC' 
inde\m di\ he v oiild ji n iM-it to the hnloh'p 1 ilvtntnn tolerp 
an t\c on the viil linnr done h\ hit i i unit ind ha uh meed 
‘:iudtnt^ 

Pnim '-t' cn in the morniap until ten he v ould v nie in In-d \ little 
nhde Infnrc < nia” to the School tif Medicine he vanild jncpiu Im. 
lecinrc on hi toh "v or pnholojar ‘1 imioniv. v.huh he vmild p\i 
until tv cUc He V ovild 'jicnd the V lioU iftt iinvin iiml inv m tin old 
Lnlwnion of Iholopt d Ue'-iiich t'f ivlmh he \s e ditecior In iht 
evening ‘^oniciimtn. is hit is midnight, he uinild l>e scui k i\ing tin. 
huildmg on the Pisco de \toch i to go home 

In later jears Oijal never forgot 1ns role as tcicher, though less 
and less, is he grew older, was he required to do Iciclung of the 
more formal Kind But he w is nlw ays a gvudtng sjuru in the lalwra- 
lory, orienting )oung minds along the lines he had marled out m 
his own youth and early maturity Tliat he felt this to he one of the 
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most rewardmg and endunng parts of Ins contnbution to science 
and to his country is everywhere clear Long ago m his hook of 
advice to researchers, Reglos y conseps, he had stressed the impor- 
tance of teaming disaples to carry on ones work 

It is essential for the cultivator of saence to work for his own spmt- 
ual multiphcation In this way the life of the teacher is made full and 
fertile since it cames potential new bemgs withm it The task 
IS weansome, to be sure The activity of the professor branches off into 
two parallel paths that of the laboratory and that of the classroom 
Thus his troubles are muluphed hut his returns are increased m pro- 
portion Besides gammg new ideas of his own, he enjoys the pleasure 
of mental fatherhood and finds his reward m fulfillmg the threefold 
mission of teacher, investigator, and patnoL He wdl not spend his de- 
chmng years m a sad solitude but will approach his end surrounded by 
a throng of loving pupils capable of understanding what he has done 
and of makmg it frmtful and lasting 

This picture of an old age nch m dignity and m the respect of 
one’s followers desenbes Cajal’s own last years He had the satis- 
faction of seemg a school of Spanish histologists come mto being, 
largely through his endeavors, and of knowmg that it would out- 
last him and be an earnest of the revival of science in Spam One 
of his students, the neuropsychiatnst Nicolds Achucarro, the bnl- 
liant teacher who died of tuberculosis m 1918 before his great 
proimse had been fuUy realized, devoted his attention to the neu- 
rogha, chiefly, and developed a new stam for connective tissue 
The discovery of the microgha and the oligodendroglia by his 
follower, Pio del Rio Hortega, constituted an important contnbu- 
tion to nervous anatomy 

Perhaps the most outstandmg of all Cajal’s students was Dr 
Francisco Tello, who succeeded Cajal both in the chair of histology 
at the University of Madnd and as director of the laboratory estab- 
lished after Cajal’s retirement and named m his honor Dr 
Tello IS known for his mvestigations on the neurofibnls, on the 
transplantation of cerebral nerves, and on the development and 
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Thrlluvuv: CcTchnivi Stammers Some of Its Secret^ 

rcgcncratjon of none cnclmj^ Atnonj> (]>c )Oiinp,cr nicn-<ome 
of them pupil*; of Cull'*; pupil’^— ucrc Tcrinmlo <lc Oisiro, wlio 
in\ csiigiial the ncun>gln nntl ihc mpitlictic g.mgln, Villn\ cnlo, 
who imdc coninhuuonc to ncuropithologv, Sinclu/, wliovc ficltl 
wa<; coiupintnc ncurohwioloj’v. nntl l^ronto <U iSV), w’lio <1 k 1 re 
«carc]i on ihc iucluor\' and \c<;ulmlir ncr^c*: All tlic-ce men, niul 
other*; who<;c worh they directed, were to giihtr facts of signif- 
icance correcting or filling out details in C-ajal’s worh and tlicrchv 
increasing the ^um of liiMological hnowltdge the Spanish school 
ga\c to the world 

Capl never lool.cd upon the achicveiiunts of his students as m 
an\ sense of his own making Mam of iluni pcrfcned tiicir ir lin- 
ing outside Spain But it was to these men that In, confided his 
thoughts and the fiaslics of creative insight that kd to new dis 
covenas 1 lis chief function, he felt, was to stir up enthusiasm and 
courage when weannc-ss or adversitv had made tliem hum low He 
once w rote 

\Micn the dirl sea lool,s tranquil at night, a mere stirring of llic v aicr 
IS enough to mal c clouds of sinning nociiUicas I indic their light and 
gleam like stars Tlic same thing happens in the ocean of socictv One 
need only slnkc the thicket of sleeping neurons, make them vibrate 
wath the cxTitcmcni of novchv, and inspire them vvitli noble restless- 
ness It was enough for two or three of iis-onc the great Dr 
Simarro— to jolt the drowsiness of our voting men, for a whole consicl- 
lauon of worthy inv esugators to rise in our midst Without lx;ing 
ov cropumisuc, I am convinced that in ihosc fields of studv that require 
ingenuity, patience, and perseverance, the Spaniards will show them 
selves to be the equal of the men of the North One need only awaken 
their scicnufic cunosity, which has slept through four centuries of 
mental slavery, and kindle in them the sacred fire of personal inquiry 
In our country, sacnufic genius is not )Ct consaous of itself It is the 
teacher’s duty to reveal and guide it 

In reading this, one cannot help recalling the dark figure of a 
young soldier on his way out to Cuba so many years before, looking, 
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fascinated, from the deck of the Espana at the swarms of phos- 
phorescent nocblucas, seen now for the first tune, shimmenng 
agamst the blackness of the Adantic 

This IS his own apologia 

I have aimed that my hfe should be, as far as possible, a hvmg poem 
of mtense action and of secret heroism m the cause of saence. My work 
IS shght but It has been as vigorous and ongmal as my slender 
talents permitted it to be To judge it with some knowledge of the con- 
ditions surrounding it, one must remember what Spanish histology was 
like m 1880 when I made my tmud begmnmgs and what it is hke to- 
day I do not wish to overlook the mvaluable collaboration of others, 
but I beheve that I can truthfully say that my obstinate work has had 
a part m the renascence of histology m Spam m our day As time 
goes on, my insigmficant personahty wdl be forgotten and with it, no 
doubt, many of my ideas wdl die Nothing can escape the inexorable 
law of life The facts first assoaated with the name of one man 
end by becoming anonymous, lost forever m the ocean of universal 
saence The hot sun of the present is followed by the cool moon- 
hght of the history of leammg 

But let us drive away melancholy thoughts, mother of maction Let 
us devote ourselves to hfe, which is energy, renewal, progress And let 
us keep on workmg Only tenaaous activity on behalf of truth justifies 
hving and gives us consolation for all the suffering and mjustice of life 
Only this possesses the power to convert the obscure social parasite mto 
the legendary hero 

Let us then cidtivate our garden, as Voltaue used to say, fulfilhng as 
far as we can the twofold duty of men and patnots For the biologist 
the supreme goal is the solving of the formidable enigma of all hvmg 
things surroundmg us No matter that our work must be premature 
and incomplete Meanwhde, imtd the mdlenmum dawns, we shall 
have made the world a pleasanter place for man 
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for (t fi.-’j.V umL It luv,<-r]f ni.d ilir frrafrtf Mt!ur of 
the 1 cf} Uck it. jtt Jnmj’iiij’ ‘it ti:to cnviv.uiuon 

V ith the v.oul u c foe} to Jir I’rlond if, orul it: ihr end 
the V n: iu// ihwiiyh, nloic ivul Ir)otid ht<: 

V n.hCT * 

— •;a ^5 tfi I ntiTi I n 


I N 1012, v.ljcn he In(] rticlu^l ilie ngt of ccvoni), Cnja) n tired 
from hK wor), nt t!ic At firtt, he fell himself nn cmIc, 

niit.tjng Icenlv tlic daiK contact v.ith Ins students ,>nd witlt his 
as'istanis in the lil>nntnr\ Ihti retrillmg tlie dicrepii, hide'hnund 
schoolmasters of hislKiNlitwKl. he admitted to himself that the law 
lint forced him to retire it se\cnt\ w is wise as well as mcxorahle 

Tins was his luhilec \ear— he had taught for ihirt\ jears in 
Madrid— and man\ un-'might honors were tlmist ujion him for 
one thing he was made life senator in the Spanish Cortes A 
shower of inhutcs paired in from all oaer Spain and from Latin 
America One of the most moving to Gital w as the printing of nn 
honorary \olumc written hy his pupils and friends at home and 
abroad It was his associate, Dr Francisco Tcllo, who carried the 
responsibility for assembling the materials, getting them ready for 
the pnnter, and reading the proofs 

Another honor bestowed on him at this time was the Lehegaray 

* Tlie quotation aboic, fTom Collected Eisojs, Vol i, page 218, is used 
wath the hind permission of tlic literary executors of Samuel Butler and of 
Jonathan Cape Limited, London 
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Medal, conferred on May 7, 192a, ty the Royal Academy of Sci- 
ence m a session presided over by Alfonso XIII Still another was 
a monument, designed in the Greek style, erected near his favonte 
walk m Retiro Park The statue of^Cajal is flanked by symbolic 
figures of life and death m bas relief Cajal is looking dovm into a 
pool of water, representing the pnmordial fountainhead of life 
Lovely fountams adjoin the monument, adding to its beauty It is 
said that Don Santiago never entered the Retiro after the statue 
appeared As always, he was embarrassed by such open acknowl- 
edgment of his fame 

Upon his retirement, the Government appropnated a large sum 
for the construction of a biological research center to be named in 
his honor the Institute Cajal It was built on the hill of San Bias 
near the Astronomical Observatory and maugurated in 1932 The 
old Institute over which Cajal had presided while teaching at the 
university had been on the third floor of a building adjoining 
the Museo Antropoldgico on the comer of the CaUe de Alfonso XII 
and the Paseo de Atocha Much of Cajal’s work had been done m 
the library there and m the small room next to it— a room lined 
from floor to ceiling with books Jealously separated from the others 
and placed together on a smgle shelf were Cajal’s ovm wntings and 
those of his pupils The magnificent building that houses the new 
laboratory came too late for Cajal's work Besides, it was too elegant 
for him— he never felt at home there It became the new head- 
quarters for the school of Spanish histologists he had founded 
Few foreign students have gone to it The unfamihanty of the 
language and of the customs of Spam, and the almost constant 
avil wars, have prevented its taking its proper place among similar 
institutions elsewhere m the world In spite of Cajal’s enormous 
work, his country has remained outside the mam current of scien- 
tific advance 

Fernando de Castro desenbes Cajal’s daily hfe after his retire- 
ment from active teachmg 
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After 111*; jubilee in 1912. the order of bi*; life uni clnngcd but little 
Nci'crlbclcs';, nftcr tbe innugxmlinn of tbc new lalmritorv in 1032., the 
master stopped coming Mmosi complctclv In the nfternoons lie could 
!« *^0 at tbe Institute, Init bricfls I le didn't come to work but to \ isit 
At about tbal time be insnllcd a little private lalxirntor)' in tbe base 
ment of bis bouse I Iis last scientific work issued from there Tlicrc loo 
be gaibcrcd togcibcr bis magnificent bbrar\ of more than 8,000 \ol 
umes and bis man clous collection of preparations and bistological 
drawangs, shining proof of the continuing actnity of a great intel- 
ligence ' 

Though Itis Msits to the Institute were nccting, lie could often 
be found in the faaonic haunt of his university years— the cafd at 
die comer of the Plaza dc Atocha From there and from his home 
he directed the work of his students, seeing to u that their papers 
were published in French so that thc\ would not suffer as he had 
from the harncr of language Most of his time was spent in restless 
writing, claboniing his earlier work and advancing further evi- 
dence in support of his neuron doctrine 

In the ’iwcnlics, when Cajal was ahead) in rctircmcni, Dr 
Wilder Pcnficld (later to hccomc Director of the Montreal Neu- 
rological Institute) went to Spam to work at the Instituto Cajal 
under the direction of Pi'o del Rio Hortega I Ic gives an illuminat- 
ing picture of his first meeting with Cajal 

In America u had been raibcr difficult to explain bow one could 
profitably spend six months in Spain learning new methods of medical 
research But here m Madnd, Cajal, the winner of tbe Nobel Prize, 
was a figure much talked about though rarely seen His name seemed 
to be a password, for bad we not gained entrance into a pension here- 
tofore restneted to Spaniards by mentioning that I bad come to work 
under the great scientist'? In like manner did we not secure tbe little 
pisfl for a permanent residence? Tlic magic of bis name made introduc- 
tions eas)' and conversation immediately absorbing and satisfactory to 

^ Personal communication to the author Translated from the Spanish 
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the Spaniard, who welcomes above all else a tnbute from abroad to the 
culture and mtellectual distmction of his race 

In university and saentific arcles, Don Santiago, as he is called, 
seemed to he a sort of dean, and censor, to educational reformers, a 
much needed ally, and in politics a figure whose power is recognized 
even by the dictator Pnmo de Rivera The peasant and the townsman 
understand nothing of his scientific work It is enough for them that 
from foreign lands have come prizes and homage to this son of Spam, 
that he exhorts them to the stem virtues of their great ancestors and is 
himself a sign of the return of greatness to their land 

My first meetmg with Cajal made a deep impression on me It was 
m the library of his laboratory, and I found him sittmg as though in 
dejection, with head fallen forward on his chest so that only white hair 
and beard could be seen His long arms hung down almost to the floor 
As I hesitated in the doorway, he started up and came forward with the 
graceful courtesy common to his race With quick comprehension in 
his dark eyes, he welcomed me as a foreign pilgnm to the laboratory 
and spoke of his great desire that the outside world should know of 
the achievements of the htde group of scientists about him Plaang his 
hand on a shelf that held his own publications and those of his pupils, 
most of them m Spanish, he said with much feelmg m his voice, 
“These books are unknown abroad Saentists wdl not read Spanish 
Almost every week I leam from German or Amencan journals that 
men are rediscovenng what I did long ago ” With mcreasmg agitation 
he expressed the fear that the Spanish school of neurology would be 
Ignored and would disappear after his death Then with an abrupt 
change of manner, he took my arm and added, ‘Tet me show you the 
laboratory And I have some photonucrographs in color which you ■wdl 
like to see ” This first interview roused a desire to know more about 
the man— a desire easily satisfied, for his admirers were glad to talk, and 
there were his popular 'wntings and autobiography 

Cajal, Spam’s first great saentist, is a man whose genius may be 
compared to that of Pasteur He comes, hke Pasteur, from the people 
and developed spontaneously m his native land * 

* From Archives of Neurology and Psychiatry i6 213, 1926 By per- 
mission of Dr Wdder Penfield and the Amencan Medical Assoaation 
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DiCTATon*:!? jr in ^pain 

DimiNC AIT, Tin ‘:r m ap'^— < incc looo— the co'itly campiign in 
Morocco had nn If Alfonso had had any *;uccc<;s in this 

cntcrpncc he might ha\c heen able to •cahage ^ome remnants of 
hiscarK pojndani\ Hut Inch ua^ against Imn In July, 1921, the 
Spanisli forces at Melilla \ure annihilated with a loss of 12,000 
men A 1 h 1 -c 1 Knm. the natnc chieftim, e\ultcd. while Alfonso’s 
General SiK estre fled in disguise and later took his o\\ n life, unahlc 
to IxMr the disgncc of so colossal a failure Tlie war in Morocco 
was sapping the hncf prosperity that Spain’s ncutraluv m the 
European war had Imnighi At this point, Iial\ reliellcd against 
her parliament an gn\ eminent and accepie'el the dictatorship of 
Mussolini Alfonso was quick to sec ad\ antages for himself in the 
creation of a sunilar sjtuaiion in Spain Man\ of his subjects had 
shown that ihcv were tired of the fiction of a two part\ sestem that 
had no basis in re'ahtv llie king too was tired of the undercurrents 
of unrest 1 Ic had sworn to uphold the Constitution and therefore 
could not awoke it Hut it wns within the power of his people to 
do so Ii was upon their doing just that, with adroit guidance from 
the proper sources, that Alfonso now built his hope for his owaa 
future sccurita 

B\ 1923 Spain was at a low ebb Alid cl Knm was now’ master 
of the Riff, and the Spanish settlements of the coast were at his 
mcrc\ Still the hated war went on Discontent at home was be- 
coming more outspoken Anarch) was again coming up from un- 
derground Enterprising Cataluiia was openly making every effort 
to disentangle herself from a dow’ntroddcn country whose destiny 
she no longer w’lshcd to share It was under cover of such chaos, 
w'lth the army behind him, that Pnmo do Rivera, one of Alfonso’s 
ministers, made his coup d’dtat on September 14 

Don Miguel Pnmo de Rivera had been bom in 1870, the 
nephew’ of the general who had secured Madnd for Alfonso XII 
in 1874 He was fully aware of die popular feeling that the par- 
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liamentary system as practiced m Spam was a mockery and had 
best be done away wnth smce it merely served to conceal the 
machinations of the foUticos Profitmg by this mood, Pnmo made 
his plans The long was m San Sebastian on September 13, 1923, 
but the other mmisters must have warned him of Pnmo’s projected 
coup Besides, Pnmo’s purpose was vndely known He had issued 
a manifesto and at noon on the fourteenth he was to be asked to 
form a government The long was back in Madnd early that day, 
but aU went on as planned 

The dictator was accepted by the majonty of the people with a 
feelmg of rehef Mussohni ivas rapidly nsmg to undisputed power 
m Italy and to prestige throughout the Western world Many felt 
there was something to be hoped for from his imitator m Madrid 
The rmhtary dictatorship did brmg order Stakes ended So did 
attacks on the lung and on his representatives The police once 
agam commanded the respect of the people 

Accordmg to the Constitution of Spam, after one parliament had 
been dissolved, the lung was required to form another within three 
months But month after month went by and Alfonso did nothing 
to restore parhamentary government In later years he claimed 
that he had expected order could be restored withm three months 
and, when he found it could not, he had mtended to obey the consti- 
tutional reqmrement as soon as it was safe to do so But there is evi- 
dence that he too had succumbed to the idea of the rule of a strong 
man, by force, as the “wave of the future” and approved of what was 
happenmg even though his own power had been curtailed by it 

Under Pnmo’s admmistration the war of the RifiF came to an 
end Abd-el-Knm had threatened France as well as Spam, and 
through the combined strength of the French and Spanish forces 
imder the French leader Lyautey,“ the Moonsh chieftain was at 

2 Lotus Hubert Gonzalve Lyautey 0854'i934) French marshal Sent 
hy France to Morocco as high conmussioner and resident general to queU 
disturbances and to cousohdate the recently declared French protectorate 

C1912,) 
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last subdued Alfonso’s prestige rose again He had identified him- 
self viith dictatorship and dictatorship triumphed everywhere In 
1925 he re-established Prime’s power The majonty of his people 
were behind him when he did this But gradually Pnmo began to 
lose his hold He never succeeded m estabhshmg Spam on a sound 
financial basis Pnees rose The purchasing power of the peseta 
fell, impeding foreign trade Tariffs and taxes were sky-high In 
the face of all this, when Pnmo attempted to bnng about reforms 
in the army he was done for He had tned to end the vicious prac- 
tice of promotion by senionty alone, an abuse that had been railed 
against as long ago as the days when Cajal was sent out as a young 
doctor to Cuba Those entrenched m high army posts did not rel- 
ish Pnmo’s efforts to change a situation they found so satisfactory 
to themselves Losmg the support of the influential officers in the 
army, Pnmo soon lost the backing of the kmg and of the people 

In 1929 when depression settled down over the world, Spain 
grew restive under the discipline of the dictator Charges that 
Alfonso had broken his oath of office and betrayed his people when 
he had put aside the Constitution were loud-spoken now There 
were student demonstrations at the universities (Cajal was wit- 
ness to a number m Madnd) and much agitation against the lung 
The fact that three of his sons were victims of hemophilia and one 
was a deaf-mute was held against him Unsavory rumors were 
spread abroad about his pnvate hfe Though now a mature man, 
Alfonso was still the dashmg cahcdlero, the romantic gallant, the 
carefree sportsman, havmg htde m common with the tlioughtful 
or the mteUectual elements m his country He even banished to 
the Canary Islands the leadmg philosopher of Spam, Unamuno,^ 
a professor at Salamanca, and imposed a ngid censorship of the 
press 

Pnmo de Rivera’s dictatorship fell m 1930 after six years and 

® Mirael de Unamuno y Jugo (1864-1936) Spamst pTnlosopher and 
man ofletters Author of The Tragic Sense of Life, The Agony of Chris- 
tianity, etc 
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four months The decline m his prestige had come quicldy The 
reaction arose in part from the democratic forces withm Spam, m 
part from the radicals, who dunng the years of his supremacy had 
organized strong propaganda agamst him Though the econoimc 
stresses of these years were felt everywhere m Spam, the tension 
was greatest m Barcelona, and the city became a vortex of revolt 
Pnmo resigned from his office in January, 1930, without telhng 
the long of his intention to do so, later explammg his action as a 
necessary precaution to avert revolution But Alfonso never for- 
gave him, although Pnmo’s going offered him a new means of try- 
ing to save his own position Rivera went mto voluntary exile m 
France, a broken man In two months he was dead 

The king’s own position was now bemg undermmed by the 
general lack of faith m him owing to his mabdity to follow any 
consistent policy Besides, the people were swingmg back to a 
respect for constitutional government And since the war years and 
the dictatorship had brought Spam a certam amount of financial 
and commercial prospenty, and wath it a stronger middle class than 
ever before in her history, this time democracy might have suc- 
ceeded Alfonso seemed to be vmaware of these strong currents 
flowmg around him For on the evenmg of January 28— the very 
day on which Pnmo offiaally resigned his office— Alfonso estab- 
lished another dictatorship -with another general at its head— 
Berenguer— a man who had made a name for himself m the Riff 
war 

It seemed to Cajal as to all the impatient Spanish republicans 
and reformers that there would be no end to these imhtary dicta- 
torships There was nothmg to he hoped for from the commg elec- 
tions, they knew how well the politicos could mold those to their 
wishes The situation grew worse— or so the Liberals thought 
Though the Berenguer government was not tyranmcal at first— it 
was feelmg its way— within the ten months it lasted it had dealt 
peremptorily with all disorder, had closed several universities, had 
oudawed stakes, and had contmued the existmg stem censorship 
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of the press In spite of its vigilance, there were nots in Madnd in 
November and in Jaca the next month The repuhhcans had or- 
ganized under the leadership of AlcaU Zamora, Miguel Maura 
(son of the former Pnme Minister), and the Socialist veteran Ler- 
roux These three formed a program for avil war 
At this point even the army was not unanimously for the lung 
or his appointed strong man, many had been won over to the re- 
publican side Revolt broke out first in a little village m the Pyre- 
nees, then spread to the large aties Airplanes flying over Madnd 
beanng the red flag of revolution dropped pamphlets foretelhng 
the dmrafall of Alfonso At once the king and his ministers m- 
voked martial law The revolt proved immature, Zamora was 
throum into pnson as a traitor, and some of his followers were shot 
The intellectuals now took up the struggle, Cajal wholeheart- 
edly among them Ortega y Gasset,^ P6rez de Ayala,® and Gregono 
Marandn ® published denunciations of the decadent monarchy, 
declarmg it totally unequal to the task of regenerating Spam 
Though Alfonso's confidence was still unshaken, facts were soon 
to prove that his real power was gone He no longer caught the 
imagmation of the young or won the undivided allegiance of the 
army The anstocrats who did back him amounted to little politi- 
cally Most important of all, the people now saw clearly that he had 
htde love for the Constitution and wanted to rule as an absolute 
monarch And at this moment m world history absolutism was 
distmcdy out of style 

* Jos 4 Ortega y Gasset (bom 1883) Spanish philosopher, wnter, poh- 
tiaan Author of The Revolt of the Masses, etc 
®Raiii6n P 4 rez de Ayala (bom 1881) Spanish man of letters, poet, 
novehst. After 1917 moved to Buenos Aires, and smce then a figure in 
Argentme hterature 

® Gregono Marandn (bom 1887) Spanish physiaan, professor, and 
puhliast Educated at the Colegio de San Carlos m Madnd, disaple of 
Cajal’s fnend 016 nz In 1908 at 21 he won the Martinez Mohna Pnze, 
awarded only once before— to Cajal Worked with Ehrhch on the famous 
606 (arsphenanune-copper preparation used m the treatment of syphilis— 
salvarsan) 
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THE SECOND SPANISH EEPUBLIC 

On Sunday, April 12, 1931— to the genuine surprise of the mon- 
archists— the people voted overwhelmingly for a republic At five 
o’clock that day an emergency meeting was called to discuss what 
to do m the face of this unprecedented situation The republican 
leader AlcaM Zamora (who had been released from his pnson sen- 
tence on the ground that one could not be branded as a traitor for 
rebellion agamst a Constitution that was not in force) went to the 
palace to demand Alfonso’s abdication Zamora knew the palace 
well, twenty-five years before, he had been Alfonso’s secretary and 
■wise counselor He warned the king that he was in great danger 
and suggested that he flee from Spam by way of Portugal, pomt- 
mg out how strongly popular feeling was now aroused agamst him 
On Monday, the next day, a throng surged to the palace gates to 
force the kmg’s tvithdrawal from office If he refused, they threat- 
ened, there would be a mass attack on the royal household Madnd 
blazed with the red flags of revolution 

Alfonso signed a paper suspending his prerogatives as king— not 
quite a complete abdication, and he also agreed to leave Spam On 
Tuesday, Apnl 14, he bade goodbye to his 'Wife and children with- 
out emotion, assurmg them that he was leavmg the country only 
to avert immediate civd war He was confident that he would one 
day return to rule agam With a few companions he departed from 
the capital m a car sent for the purpose from the Mmistry of the 
Marme It was followed by a second car carrymg several members 
of the avil guard As soon as the kmg had gone, the soldiers pro- 
tecting the palace withdrew and the red flag was hoisted over it 
The queen was to leave the next morning with her children 
Their luggage was packed hurnedly while the revolutionary mob 
milled about m the square outside The Prmce of Astunas was ill 
from the exhaustion a recent huntmg tap had caused hun Ena 
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WAS temfied ilni die jwpulncc would stonu die pnlacc and dint 
they w ould all lx: murdered in tlicir licds Bui tlic nioB was orderly 
No <aicli attcnipi w.t: made When morning came, the royal fam- 
ilv Icfi the palace h\ a <ccludcd door and went to the Dconal, 
where ihcv were to take a prnatc tram for the Ixirder Once there, 
the Pnnee of yVturnc had to lx; taken alioard the irain on a 
stretcher With tears streaming dowaa her cheeks, the queen took 
leave of her ladies m waiting 

Wdicn the refugees at last reached Pans, they were noisily wel- 
comed h\ the rrcnch throngs that had gathered at the station to 
catch a glimpse of ihciii llic queen was worn out It is said she 
looked like a slecpw alkcr, clutching in a nervous hand a hunch of 
red and \cllow tulips— the ro\al colors of Spam Meanwhile Al- 
fonso had gone by cniiscr from Cartagena to Marseilles, where he 
amved at sj\ o'clock in the morning, and then took the tram for 
Pans In a few daj-s the family was reunited and installed com- 
fonahlv hy their Prcnch hosts at roniainchleau 

Tliough the Second Spanish Republic (1931-35) had thus been 
cstahlishcd without bloodshed, its whole course was one of stnfe 
Stakes of workers were almost constant and there were frequent 
attacks on the clergy and much confiscation of Church property hy 
force The new Constitution that had been drawn up by the Cortes 
under the premiership of Zamora declared Spain to be "a republic 
of workers of all classes with power emanating from the people ” 
Tliere was now no state religion Freedom of the press, universal 
suffrage, and compulsory elementar)' education were proclaimed 
Titles of nobility were abolished m the sweeping movement to 
wape out all vestiges of die old order A bitter debate over the 
question of the nationalization of Church property led to a politi- 
cal ensis that brought the resignation of Zamora, with his Home 
Secretary, Maura Don Manuel Azana, war minister, became pre- 
mier in October, 1931 At this time a hated law was passed “for 
the defense of the republic" permitting die suppression of many 
cherished individual nghts ostensibly for the common good. Stnet 
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application of this law led to the interdiction of newspapers, the 
impnsonment of alleged radicals, and other measures that left the 
people less freedom than they had enjoyed under the dictatorship 

The mteUectuals CCajal among them) chafed at this oppression 
by the republicans, whose cause they had championed so recently 
Soon busmess dechned and the exchange collapsed Tounsts and 
anstocrats jostled one another at the frontier m their haste to escape 
mto France Unemployment was widespread There was bitter 
suffenng among the poor After six months of repubhcan rule, 
Spain was more disorganized and chaotic than before 

Dunng the next few years the trend was more and more to the 
Left until the Government became chiefly SociahsL In the years 
1931 to 1933 oppressive restnctions were to a large extent aban- 
doned and hope of a stable democratic government stirred agam 
It was soon to be dashed hy a penod of lethargy and depression, 
which lasted from 1933 to 1935 

^ In July, 1936, A2ana became head of the group of parties that had 
handed together to win the election, calling themselves the Popular Front, 
after a similar movement m France. Turmoil was unleashed again Alcald 
Zamora, Pnme Mmister at this time, was deposed for having unconstitu- 
tionally dissolved the Cortes Azana became the new premier He proved 
quite unable to cope with the general disorder and to impose any disaphne 
or control over the conflicting groups Spanish fascism grew in this fertile 
sod— m the same way that repubhcanism had grovwi before it— as a protest 
against the practical usurpation of power by the extremists 

The Spanish Civd War, soon to follow, was touched off by an army 
mutmy m Spanish Morocco led by General Franasco Franco The mutmy 
spread to the mainland, and wnthin forty-eight hours all Spain was in 
tumult In this state of affairs Franco assumed power on October i, 1936 
Azana was president dunng the war years, which lasted from 1 936 to 1 939 
On March 28, 1939, 200,000 Nationahsts marched mto Madnd They 
met no resistance from the repubhcans, who by now had to adimt complete 
defeat 

Alcald Zamora died m Buenos Aires on February 18,1 949, at the age 
of 71 The Franco Government had sentenced him to the loss of his 
nabonahty and of all his Spanish property 
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cajal’s declining years 

From ms quiet retreat in Amaniel Cajal observed with sadness 
the upheavals of these years of dictatorship, revolution, turbulent 
repubhcanism, and economic d^bScle He lived to the age of 
eighty-two, his last four years darkened by the loss of Dona Sil- 
vena, his lovmg companion for fifty years (She had died in 1930 
at the age of seventy-six ) He continued his wntmg m seclusion 
and at the same time earned on the directorship of the Institute 
He wrote almost up to the last day of his life, chiefly to confirm 
and consohdate the work of earlier years He prepared a book on 
microtechnique m collaboration with Dr Fernando de Castro, and 
two other boohs were completed shortly before his death a new 
collection of Chdeharas de cafi (Conversations at the Caf 6 ) in 
I933» and his delightful El mundo visto a los ochenta anos (The 
World as Seen at Eighty) m 1934 
In this book, the last of his hterary works, he desenbed the onset 
of the artenosclerosis that harassed his later years He had observed 
the course of his disease for over a decade and recorded his sensa- 
tions At the begmnmg it did not mterfere too senously with his 
normal activities He continued his work at the university and at 
his home laboratory and made his usual visits to the caf^, where he 
was always ready to discuss everythmg m heaven and on earth 
with his old earnestness, vwt, and vehemence Perhaps with a bit 
too much of the last Suddenly his condition became much worse 
He had violent headaches and finally his blood pressure soared 
so high that he went to see a doctor fnend to ask for advice Recog- 
nizing the disease as artenosclerosis of the bram, the physiaan ad- 
vised moderation in work— even the abandonment of aU work for 
a time But to Don Santiago idleness was worse than death He 
Would study his disease and record his symptoms, but he would 
not follow bis doctor's recommendation to the letter His recalci- 
trance seems to have done him htde harm His mental faculties 
never dimmed The danty of his thoughts and the precision with 
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which he expressed them even seemed to improve as he grew older 
To the end his salty humor, though sometimes mmgled -with wist- 
fulness and a touch of Latm cynicism, never died out m him To 
this his World as Seen at Eighty— Memoirs of an Arteriosclerotic 
amply testifies 

His old fnend of Valencia days, Don Amaho Gimeno, wntes 

Hardly had he finished El mundo vtsto a los ochenta anos when 
Cajal announced other works he was planning One, as I recall, was to 
deal with the mystery of the hereafter He used to think about that a 
great deal and, twistmg a famous phrase about, he would say that he 
would like to look death m the face just as he would have liked to look 
squarely at the sun if Nature had given him a different sort of retma 
He did not stop to thmk that perhaps m the world beyond one can see 
death face to face * 

Dr Fernando de Castro wntes ® 

Dunng the last years of his hfe— that is, from 1930 to 1934— Cajal’s 
chief preoccupation was the perfecting of his chapter on the neuron 
theory for the hook to he edited by Bumke and Foerster [Handbuch 
der Neurologic, Vol i, Berlm, Spnnger, 1935] He was eager to sum- 
manze all that had been wntten for and agamst his concept of the 
substantial discontmmty of the nervous cells and their dynamic de- 
pendence through the contact of some elements with others Some 
days after his death, m October, 1934, the completed draft of that chap- 
ter appeared m the review of the Institute Cajal 

In this penod he began other books of a philosophical and hterary 
character instead of going on with his senes of saenbfic works, which 
he left unfinished With the exception of El mundo vtsto a los ochenta 
anos, which appeared a few days after his death, the philosophical and 
hterary manuscnpts were lost dunng the avd war His son Jorge had 
been takmg care of them and his house was mvaded by evacu& 
Nevertheless, I stdl remember the titles of some of these wntmgs The 
Mystery of the Tomb and Hallucinations and Dreams— n theme which 

* Boletin, Academia Espafiola, Madnd, October 21, 1934, pages 7-18 

® Personal commumcation to the author Translated from the Sp anish 
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fascinated him all his life (On awahing in the morning he would 
aliTOj’s jot down the dream he had tlic night before, if he could remem- 
ber it) Another work was Notes on Histological Psychology, Hypno- 
tism, and Suggestion 

He was greatly interested in the conversations, acts, and thoughts of 
mediums In Zaragora he came to know a woman who claimed to be 
a medium, an extraordinarj’ one, better than the famous Palladmo ® 
Since she came from a verj' humble family and completely lacked all 
economic resources, she supported herself by allegedly transmitting the 
thoughts of the spirits of famous Germans She gave their messages in 
correct German, a language which she had learned by herself, although 
she did not admit it Cajal inwted her to come to live in his house with 
anew to carrj’ing out some experiments on spintism, and he arranged 
wth her the salarj’ he would pay her for doing this This woman, who 
said she was constantly inspired by the Archangel Gabnel, claimed 
that he answered questions through the spirit of a sister of hers, a nun, 
now dead for some time, whose matenalizabon appeared in the shad- 
ows dunng the stances The master soon discovered that the figure that 
appeared m the shadows was none other than that of the medium her- 
self She would appear dressed m a costume she had prepared with the 
greatest care, converting her ordinary garb into a nun's habit She had 
also managed to produce a spectacular change in her face by means of 
pieces of plastic that she stuck into her mouth and nostnls 

In 1932 Dr Wilder Penfield made a visit to Cajal in the com- 
pany of Dr Pio del Rio Hortega Don Santiago had a cold and was 
propped up in bed wadi pillows behind him, busily pennmg a 
manusenpL Books were piled high about him and the wall near 
his nght hand w'as splattered with mk He was prepanng an arti- 
cle— one of the last he was ever to wnte— presenting a defense of 

®Eusapia Palladmo C1854-1918) Italian medium celebrated m the 
field of psychic research Was studied m Europe by Professor and Madame 
Cune, W Cesare Lombroso (converting him to a behef in spintism), and 
by the French philosopher Henn Bergson, who rejiorted favorably on her 
gemuneness, and m Amenca by numerous distingmshed psychologists, one 
of whom— Hugo Munsterberg of Harvard— caught her in tnckery, so that 
she was thenceforth discredited generally 


[261] 



Exflorer of the Human Brain 

his neuron doctrine The article is his iNeurontsmo o reticula- 
nsmo? (Neuronism or Reticulansm?), which appeared m 1933 in 
the Archives de neurohiologia He was deaf and feeble, but his 
black eyes still blazed under their shaggy brows 

His health grew gradually worse Always troubled with insom- 
nia, now he hardly slept at aU Though very weak physically, he 
kept the fuU vigor of his mtellect almost to his last day He would 
gladly receive his children, his grandchildren, and fnends, and 
would tell them about the work he had been domg m his sohtude 
or would talk over the momentous events takmg place m the world 
outside his sick room 

On the evenmg of October 17, 1934, at ii o’clock, he died 
Those who were at his bedside m the last hours testify that he had 
no fear of death His hfe ended nobly His funeral was simple, as 
he would have wished it to be It was attended by throngs of 
people from every class of Spanish society His body was buned 
m the Necropolis of Madnd beside that of his wife, as he had 
asked Many honors were paid to his memory, one being a special 
postage stamp showmg him at his microscope And— what would 
perhaps have pleased him more— a complete repubhcation of his 
works was undertaken by the Spanish Government 

In The World as Seen at Eighty he expresses this thought on 
dying "When facts are faced squarely, we must adimt that it is 
not so much the thought of our own death that gneves us as the 
realization that by it we are snatched from the bosom of humanity 
and thus robbed forever of the hope of seeing the unfolding of the 
heroic struggle constantly being waged between the mmd of man 
and the blmd energy of natural forces ” 

For Cajal the long battle had ended 
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nn iioinv uf the nervou- vaniKl tcm to c ill for the fine'll of 
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realize Iiow to, mg such work can be In the early )cars, too, Cajal 

* Tlie fjuoinnon alxiie, from Tfic Silent hlr, is used uath the Imd 
permission of G P Putmm’s Sons, New York Tlic book was ongimlly 
published b} Smith, Elder & Co , London 
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had to work without the stimulus and reward that come from 
ongmal research and discovery For he ivas occupied at first only 
m repeatmg the observations others had made He worked for five 
years m obscunty without contact with the leaders m histology 
outside Spam and without the mcentive of emulation Yet his 
findings were to revolutionize neurology 

The core of Cajal’s discovenes was his neuron doctrme He 
pomted out to a skeptical world the fact that the basic unit of the 
nervous system is not the nerve pher, as had been thought up to 
that time, hut the nerve cell Drs Augusto and Jaime Pi-Suner 
give a staking mterpretation of the significance of this concept, 
which m the ’eighties was pure heresy 

The thesis that "everythmg communicates with everythmg” could 
bear some appearance of truth and clearness, but would have made 
absolutely impossible the actual psychological notions about the nerv- 
ous system with the concepts of faahtation, summation, and mhibi- 
tion, which at that time were imknown terms It particularly disagrees 
■with the pregnant theory of the final common path The valuable help 
lent by the learned Spaniard m destroymg the rebcular theory and lay- 
ing the foundations for the theory of the final common path may well 
be considered his best contribution to the knowledge of physiology of 
the central nervous system * 


In the years to follow, the neuron doctrme became an estab- 
lished part of nervous anatomy It was soon substantiated by new 
evidence gamed from studies of diseases of the nervous system and 
It at once proved useful m givmg medical men a deeper imder- 
standmg than they had formerly had of the physical basis of many 
types of nervous and mental disorders Cajal’s discovenes consti- 
tute the basis of our present-day knowledge of the development 
and structure of the neuron, of the way m which the nervous im- 
pulse IS transmitted from sense organ to central nervous system and 
thence to muscle or gland, of the processes of degeneration and 

* From Journal of Nervous and Mental Disease 84 525, 1936 
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cium; the nrtiron-; tn •eprnte ftom one nno'hct, ill i^inwitnt'ne’w 
of Mn^itien n lo t ly^cniH tin pntln of conduction nre luoltn 
Tim ocatr mninlU m 'lecp Ihtt the Mime cxintnctio i in n ftsuh 
frnmahlon on ihelu nl «vc\ ere enough to tml c otu lo t com-tiouv 
ncm or It nn\ Int due to tovic jx\Min<. v.ithin the Ivxh tint nffccl 
the ncuron< lire Minn contnciion occuot ttvi, v.hcn n jxnon n 
fulK ine^thctired Somctimm linv e\cr, onK the tnnn. dLhente 
neuron^; ire ifTicted-tho e tluouidi vhieh intelhxtinl procceec*; 
arc accomplnhcd ind M'nMUiont of pun ire felt 'IIimm liii’her ncu 
mnsnrc more wnsituc tn the notion of mrcntic drugs thin ire the 
lo ' cr neuron*; go.cmmt^ the ecrctiinc functions of the IxxK 
Tlic higher neuron*; continue m i stitt of contnciion is long is 
the influence of the dnig lists, ind therefore, h\ nixing the 
amount gnen. the depth ind length of the antsihcMi cm lie regu- 
lated SimilarK , v he n i person is m i In stencil state, though the 
paths of conduction mi\ not l>c mtcrniptcd, the neurons mi) 
mahe unusual and unintended connections Such improper con- 
nection ma) lease pins of thelxxl) without sensation or may lead 
to abnormal sensations 

Cajal’s neuron doctrine also helps to explain the mcclnnism of 
memor) Recalling one thing may block the pithwas to another 
It IS a common experience for one to forget whit he intended to 
53) when his recollccuon of it is temporarily blocked hy another 
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thought that crossed his mind at something he may have just seen 
or heard Vanous sorts of mjunes to the nervous system may affect 
the memory of certam parts of one’s past hfe, as may also the sub- 
conscious suppression of pamful memones— a phenomenon that 
lies at the root of the modem treatment of certam nervous and 
mental disorders through psychoanalysis Observation of disor- 
dered mental states such as illusions and haUucmations have con- 
firmed Cajal’s theory as to the contracting and expandmg of the 
branchmgs of the nerve cells, the blocking of the normal connec- 
tions, and the occurrence of accidental, unanticipated mtercon- 
necbons that produce abnormal nervous response 

Cajal himself did not fully work out aU these hypotheses, but 
he did hint at many of them The important thmg is that he estab- 
lished the essential anatomical facts underlymg them and that his 
discovenes led other men to do research along these hnes— research 
that proved more frmtful because of the new direction his work 
had given it 

In evaluatmg his contnbutions to human knowledge, one must 
take mto account the diverse fields his discovenes touched and 
illummed The new data on the mtimate structure of the nervous 
system that he brought to light are adrmttedly of greatest mterest 
to the histologist, the physiologist, the pathologist, and the surgeon 
But they are of immense concern also to psychologists and psychia- 
tnsts, since detailed mformation about the stmcture of the nervous 
system, coupled with observation of its normal and abnormal func- 
tiomng m health and disease, gives useful suggestions as to ways 
of copmg with nervous and mental disorders To a considerable 
degree it was Cajal’s work that made modem neurosurgery and 
neuropsychiatry possible How important a contnbution this was 
IS at once apparent when one considers the vastness of the problem 
of nervous and mental disorders m the world today In the United 
States alone probably more than three milhon persons are victims 
of severe nervous or mental disease It is difficult to determine just 
how many more are affficted with the milder form of disorder 
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knowTi as neurosis, but unquestionably it too causes an immense 
amount of incapacity and misery, representing an enormous eco- 
nomic burden and tragic human waste. Cajal's discoveries have a 
direct beanng on education because they offer telling hints as to 
effective methods of teaching and of learning He has given a valid 
e-xplanadon of how we learn to perform certain acts more easily 
and quickly through practice and how the faculty of memory can 
be developed through training The nerve cells involved m such 
learning do not increase m number, but the connections between 
them become more perfect through use Tlie pathways of inter- 
connection become stronger and the cells may even acquire new 
branchings by which more diverse connections with other cells arc 
made possible 

Cajal’s law of dynamic polanzadon affirms that the cell body 
with Its dendntes directs the impulse along a one-way course— to- 
%vard the a.\on The question at once suggests itself What hap- 
pens when several impulses coming from tlie dendntes compete 
vnth one another for nght of way? In such cases, Cajal said, it is 
the cell body that determines which impulse shall have pnonty 
He suspected that there might be a chemical action of some sort in 
this selectivity, but did not develop the idea Years later. Sir 
Charles Sherrmgton and his colleagues of the Cambridge School 
of Physiologists offered a theory of chemical mediation of the nerv- 
ous impulse ^ The English physiologists also mtroduced the mod- 

^ Two theones compete for general acceptance today tlie chemical and 
electncal Perhaps hoth electric^ and chemical elements are involved Both 
theones postulate the accumulation at the synapse of an achve pnnaple— 
electncaf or chemical— which, upon reaching a certam level, wiU stimulate 
the dendntes heyond the synapse The delay at the contact pomt may be 
accounted for by the need to bmld up the required amount of electncal 
charge or the reqmred concentration of chemical 

It has been observed that m the autonomic nervous system activity is 
accompamed by the production of chemicals— acetylcholme, sympathin, 
and related compounds— that stimulate muscles and glands Acetylchohne 
IS also foimd here and there in the central nervous system, particularly in 
those parts contaimng motor cells and axons 
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em concept of the synapse, the contact point between the axon of 
one neuron and the dendntes of the next one in the chain of con- 
nection At the synapse a resistance is set up to the passage of the 
impulse from one cell to the next The resistance may vary m 
degree from an almost imperceptihle slowing down to actual bloclc- 
mg Cmhibition} However great the resistance may be, the course 
of the impulse is irreversible, it must go on toward its destmation 
or dram away 

Cajal’s theory of nervous conduction has been vahdated agam 
and agam, notably by Cannon’s ^ ammal experiments on the reflex 
arc and Pavlov's famous demonstration that a dog to whom food 
is given at the same time a bell is rung will learn to sahvate when 
a beU IS rung even though no food is offered— through the opera- 
tion of the now well-known conditioned reflex These concepts he 
at the basis of all modem educational and psychological thought, 
explammg the mechanisms of animal mstmct and habit formation 


as well as of all human leammg They help to explam, too, the 
phenomenon of mtegration, the "oneness” of our consciousness m 
spite of the fact that it is constantly bemg bombarded by mfinitely 


diverse stimuh from both mside and outside the body 


2 Walter Bradford Cannon Cbom 1871) Boston physiologist Cannon's 
discovenes with reference to the physiological basis of emotion constitute 
one of the greatest contnbutions to psychmogy and psychiatry in this cen- 
tury From studies of x-rays of digestive processes in cats, he found that 
fear and rage interfere with the normal functiomng of the smooth muscles 
and glands The hoddy changes produced by fear and rage he found to be 
of a sort that temporarily allow the individual concerned to make greater 
effort than usual The heart beats faster, blood pressure is raised, the 
adrenal glands secrete adrenalin, enabhng the body to fight harder or to run 
away faster— in other words, giving the human machine greater power for 
a short penod But there are other changes, as, for example, the cessation 
of the activity of the stomach muscles The body neglects its usual func- 
tions to concentrate its full energies on the emergency that produces the 
emotion When such emergenaes anse rarely, they do no harm to the 
healthy body But in our hfe today emotional upheaval often becomes 
chrome, owing probably to the many frustrations modem hfe imposes, 
since our society seems to awaken more desire than it is able to satisfy 
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THE PEErECTING OT NEW 
STAINING METHODS 

Theough the use of Golgi’s discarded silver stain— perfected in 
1888, so early in liis career— Cajal was able actually to sec more of 
the nervous sj’sicm than had the anatomists before him It was 
because of this happ) discovery’ in technique and his idea of apply- 
ing It to very young or unborn animals whose nerve fibers had not 
yet myelinated that he v\as able to add so much m a field that had 
already been dioroughly worhed over by the greatest anatomists of 
die century’— a field so much worked over, in fact, that it seemed 
almost naive to expect to find anything more 

Hai’ing made a startling beginning with Golgi’s stain, Cajal pro- 
ceeded to perfect Ehrlich's methylene blue and finally to devise 
new mcdiods that were wholly his own In 1903 he developed his 
reduced silvcr-nitratc stain, in 1913, die gold sublimate, by which 
the ncurofibnls, hitherto elusive to microscopic study, could be 
clearly visuahrcd and traced Tins stain soon yielded valuable data 
on the structure of the astrocytes, star-shaped cells in the tissue of 
what Cajal called the "third clement’’ of the nen’ous system It 
■was one of his followers, Pi'o del Rio Hortega, working widi van- 
ous adaptations of Biclschowsky’s method (staining axons and 
ncurofibnls widi ammoniacal silver), who invented the silver- 
carbonate stain and through its use obtained such clear pictures of 
the "diird element” that he was able to make exhaustive studies 
of die microglia and ohgodcndroglia of which it is, in part, com- 
posed ■* Tliese researches threw new light on die gliomas, tumors 

® Max Bielschowsky (1869-1940) German neuropathologist 

* Important today in the diagnosis of nervous disorders arc Rio Hortega’s 
gha stain, which tints the cj’toplasm of the neuroglia black, and PenficYd’s 
gha stain, which renders tlie ohgodcndroglia clearly visible In studying a 
microscopic slide for diagnostic purposes, the physiaan or surgeon must 
follow an orderly procedure and hold to a definite point of view After find- 
ing out what stain has been used on the tissue, he must look for the speaal 
structures that stain shows well Tissue of the cerebral cortex tinted with 
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of die glia, or supportive cells of die nervous system, and have teen 
of inestimable help to neurosurgeons in their understandmg of 
these growths and in their efforts to extirpate them 
Another direct medical apphcation of Cajal’s mvesbgaUons— 
this one the outcome of his studies on nervous degeneration and 
regeneration and his procedures for producmg experdy stained 
sections— IS the modem technique by which the physician is able 
to aid the regeneration of injured nerve fibers and hasten the heal- 
ing of a severed nerve Instead of letting Nature work alone— 
slowly and often ineffiaendy— to repair traumatized axons, the 
doctor now puts them m direct contact with connective tissue or 
•with the cut end of the nerve, if that is possible 


cajal’s writings 

Most of Cajal’s scientific works were written to serve as textbooks 
for students and they still rank among the best and the most au- 
thontative His chief treatises have become classics in histology 
and give completely ongmal conceptions of cell stmcture m every 
part of the nervous system For many years after his death mvesU- 
gators unfamiliar with his work contmued to discover facts Cajal 
had already unearthed in the 'nineties The best-kno'wn of his sci- 
entific wntings is his Textura del sistemu nemoso (Texture of the 
Nervous System) (1897-1904), which was revised and amplified 
in the French edition of 1 909 After all the years that have passed 
since then, this is still the most complete and accurate descnpbon 
ever made of the more delicate nervous structures His great trea- 
tise on the retina completes and supplements the mvesUgations 
made m this field by such pioneers as Max Schultze, and his ency- 


Cajal’s stain, for instance, shows only the gha cells, tissue stained by Wei- 
gert’s method shows the myehn sheams To obtain a more complete picture, 
secuons treated with different appropnate stains must be studied senally 
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clopedic work on nervous degeneration and regeneration is the 
most comprehensive study of die subject to date 

His books and articles— scientific and literary— approximate 286 
His literarj' -wntings, such works as the Cuentos de vacaciones 
(Holiday Tales), Psicologia de Don Qnipte y el quiptismo (The 
Psychology of Don Quixote and Quixotism), Recuerdos de mt 
Vida (Recollections of My Life), Reglos y conseps (Rules and 
Counsels), Cuando yo era ntno OVhen I Was a Child), Charles 
and Chdcharas de cafe (Conversations at the Cafd), Pensamientos 
escogtdos (Selected Thoughts), La viupr (Woman), El mundo 
visto a Jos ochenta anos (The World as Seen at Eighty), are of 
such ment that an honorary degree was given him, in company 
with another noted Spanish wnter, Mendndez Pidal, by no less an 
mstitution than the French Sorhonne Many of his writings have 
been regarded by competent cntics as valuable additions to Span- 
ish literature Reglos y conseps illustrates his literary style at its 
best 


THE SPANISH SCHOOL OF HISTOLOGY 

One of Cajal’s most significant contnbutions is the school of Span- 
ish histologists he founded and inspired through his teaching and 
example To create such a school had been the ambition of his 
youth And at that unpropidous time, this must have seemed a 
project worthy of a second Don Quixote Even after the school had 
grown and prospered, he had fears— m the moods of despondency 
that came upon him with mcreasmg frequency m his later years— 
that It would shortly cease to exist after he died Far from it On 
the first anmversary of his death, a new Laboratory of Normal and 
Pathological Histology was established at the University of Ma- 
drid The enrollment of the university increased stnlcmgly in the 
years to follow, ivith a large proportion of the students enrolled m 
rnediane Graduate study of scholarly caliber was made available 
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to promising students under the direction of men who had been 
trained by Cajal, many of them outstandmg figures m the new 
Spam Nothing would have given Cajal greater satisfaction than 
to see how well his disciples, and their disciples, earned on his 
work 

Throughout all his saentific productivity and m the midst of the 
many bitter controversies that raged about it durmg his lifetime, 
saddemng his days, he never forgot the true aim of saence as he 
himself had once trenchantly expressed it in his Charlas de cafe— 
“to elucidate the dark mystenes and unknown forces which sur- 
round us for the benefit of our children, and to make the world 
more agreeable and mtelhgible while we ourselves are forgotten, 
hke the seed m the furrow ” He used often to say that the real 
problem of Spam was a problem of culture He had once scrawled 
that thought on a picture of himself hangmg in the university 
laboratory And he had added 'If we Spaniards are to be num- 
bered with the civilized peoples of the world, we must cultivate the 
desert of our land and the mtellect of our people, thus salvagmg 
through prospenty and mental vigor all those national riches that 
have been lost m the sea and all those talents lost m ignorance ” 


DON SANTIAGO THE MAN 

Nature had given Cajal many gifts He was the greatest saentist 
Spam had ever produced and one of the scientific leaders of the 
world He was also an artist of distmcbon, an authonty on color 
photography, and a precursor m the revival of art that took place 
m Spam b^ore the outbreak of the Civil War He was a witty 
talker, a dynamic teacher, an admirable vrater Among the fortu- 
nate faculties he possessed were his mgemousness, his artist’s deft- 
ness, and the sharp power of observation the saentist shares with 
the artist All these were mdispensable to successful work m such 
a saence as histology So too were his patience, his perseverance, 
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progress realized in tte last half-centnry a gigantic complex of facts 
and ideas from which present-day neurology denves its charactenstic 
physiognomy Espeaally m the field of the morphology of the nerves, 
It can truly he said that Cajal, by himself alone, has produced more 
than all the other neurologists together methods, techniques of inex- 
haustihle fruitfulness, work tools for all, numerous discovenes— even 
the least of which a scholar might he proud of, penetratmg, synthesiz- 
mg mterpretabons, both luad and persuasive, that have worked hke 
ferments on physiology and pathology No matter what branch of his 
subject a neurologist chooses, he must always have Cajal’s work con- 
stantly before him and must mvoke his name m the exposition of any 
facts or ideas whatever 

He has set an example of wholesome nationalism, a nationalism 
that IS not nounshed on jealousy of neighhonng countnes and on 
hlmd negation of foreign values hut is concerned with raismg the 
repute of one's ovm country through worth-while work His was a 
strong and noble character without taint of self-seeking * 

Cajal was not only admired by his colleagues and his followers— 
they loved him too The very fact that he was known among them 
simply as "Don Santiago” teUs somethmg of their affection More- 
over, his students sensed keenly the greatness of the spmtual hent- 
age he left them Agam and agam they mention his endless kind- 
ness They tell how ready he was with quick encouragement 
whenever the viassitudes of life had made them downhearted 
about their ovm work, how ready he was with his help and pro- 
tection when they needed iL "And to the greater glory of his 
spmtual excellence,” wrote Fernando de Castro, “he always made 
It a point not to exert pressure on his pupils by mfluencing them 
with any ideas of his m their mterpretations of the results they 
obtamed from their own ongmal researches ” ® 

* From Remsta di fatologia nervosa e mentale 45 v, 1935 

® Translated from the Spamsh of the article on Cajal m the volume of 
ArcJixvos de wcMroInoIogra dedicated to his memory 14833,1934 Cajal's 
last saentific paper had been vratten for this same journal and appears m 

13 2.17. 1933 
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It was also on the occasion of CajaVs dcatli that Dr Wilder 
Pcnficid wrote of litm’ 
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* From Obituarv No'ias of Fellows, J035 Ilj permission of SirQnrles 
S Slicmngion and the Roj al Soaeiy of London 

1 From Archnn of i\V»mlog> rttuJ l’s)cht(itry 33 17a, 103} R) per 
mission of Dr Wilder Pcnficid and the Amcncan Medical Assoaation 
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Manual de histologfa normal y t&mica microgrdfica (Manual of Nor- 
mal Histology and Micrograpluc Technic) Textbook for stu- 
dents, illustrated with 203 ongmal drawings ist edilaon, Valencia, 
1889, 2d edition, 1893 

Manual de anatomia patol6gica general seguido de un resumen de 
microscopia aplicada a la histologia y bactenologia patol6gicas 
(Manual of General Pathological Anatomy Followed by a Gen- 
eral R 4 sum 4 of Microscopy Apphed to Pathological Histology and 
Bactenology) Textbook illustrated with numerous ongmal draw- 
mgs m black and m color ist edition, Barcelona, 1890, later edi- 
tions, Madnd, 1896, 1900, 1905, 1909, 1918, 1922 

Les nouvelles id 4 es sur la fine anatomie des centres nerveux (New 
Ideas on the Mmute Anatomy of the Nervous Centers) With 
numerous illustrations Preface by Dr. Mathias Duval, Pans, 
1894 

Die Retma der Wirbelthiere (The Retma of the Vertebrates) With a 
preface by Dr Greeff Berlm, 1894 

Elementos de histologfa normal y de t^cnica microgrdfica (Elements of 
Normal Histology and of Micrographic Technic) Madnd, 1897, 
7th edition, 1931 

Textura del sistema nervioso del hombre y de los vertebrados (Texture 
of the Nervous System of Man and of the Other Vertebrates) 
Classic on the subject, m 3 vols , Madnd, 1897, 1899, 1904 

[276] 



Selected Bthhography of Cabal’s Works 

Reglos y consejos sobre la investigaa6n bioWgica (Rules and Counsels 
on Biological Investigation) Speech read on the occasion of 
Cajal's election to membership m The Royal Academy of Exact 
Physical and Natural Saences, Dec 5, 1897 Later published m 
book form, this work went through many editions and was widely 
orculated m the Spanish universities 

Cuentos de vacaaones (Hohday Tales). Pseudosaentific stones 
Madnd, 1905 

Studien uber die Himnnde des Menschen (Studies on the Human 
Cortex) Leipzig, J Barth, 1906 

Studien uber Nervenregeneration (Studies on Nervous Regenera- 
tion) Leipzig, 1908 

Histologie du syst^me nerveux de rhomme et des vertdbr& (Histology 
of the Nervous System of Man and of the Other Vertebrates) 
Translation of Cajal’s classic work by Dr L^n Azoulay, his offi* 
aal French translator 2 vols , Pans, 1909-191 1 

La fotografia de los colores fundamentos aendficos y reglas piicUcas 
(Color Photography Fundamental Pnnaples and Practical 
Rules) Madnd, 1912 

Estudios sobre la degeneraa6n y regeneraci6n del sistema nemoso 
(Studies on the Degeneration and Regeneration of the Nervous 
System) Fundamental treatise on the subject 2 vols , Madnd, 
1913-1914 

Recuerdos de im vida (Recollections of My Life) Cajal's autobiogra- 
phy 2 vols , Madnd, 1901-1917, 1923 (Adimrably translated 
mto English by Dr E Home Craigie, Professor of Comparative 
Anatomy and Neurology, University of Toronto, Canada, Phila- 
delphia, Amencan Histoncal Society, 1937 ) 

Manual t^cmco de anatomia patol6gica (Technical Manual of Patho- 
logical Anatomy) Wntten m collaboration with Dr Franasco 
Tello, who did the greater part Madnd, 1918 

Discurso leldo con ocasi6n de la recepabn de la Medalla Echegaray 
(Speech Read on the Occasion of Receivmg the Echegaray 
Medal) May, 1922 

Charlas de caf6 (Conversations at the Caf^ Thoughts on a wide van- 
ety of subjects, anecdotes, etc. 3d edition, Madnd, 1923 
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T^cnica del sistema nemoso (Technic of the Nervous System) In 
collaboration with Dr Fernando de Castro, Madrid, 1932 
Regeln und Ratschlage zur wissenschafdichen Forschung German 
translation of the Reglos y consejos, Munich, 1933 
Histology Enghsh translation of the Elementos de histologfa by Pro- 
fessor Femdn-Nunez from the tenth Spanish edition of Cajal’s 
work, m collaboration ■w'lth Dr Francisco Tello 
El mundo visto a los ochenta anos (The World as Seen at Eighty) 
Anecdotes of later life, description of the symptoms of artenoscle- 
rosis, etc Madnd, 1934 

Ohras hteranas completas, M Aguilar, Madnd, 1947 

In addition to this vast production Cajal pubhshed dunng his long 
life about 265 saentific monographs covenng the work of the years 
1880-1933 
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C Schaeffer (Budapest), p 879 
C Winkler (Utrecht), p 882 
J Lhermitte (Pans), p 883 
A Heymanovitch (Kharkofif), p 887 
W Penfield (Montreal), p 890 
E Lugaro (Turin), p 894 
Etal 

Several other uiuversities represented by shorter tnbutes Genoa, 
London, Salerno, Munich, Giessen, Johns Hopkins, Brussels 
Archivos de neurobiologia 13 217,1933 

Article iNeurontsitto o reUculansmo} by Ramdn y Cajal Long 
article defending the neuron doctrine after giving a summary of 
arguments for and agamst iL One of the last vmtmgs to come from 
Gajal’s pen, shelving how large a part the defense of the neuron 
doctrme played in his Me, from the time of its conception m his 
youth until shortly before his death 
Aschoff, L Gajal, Zieglers Beitrage z allg Path 3 94,1935 

Obituary of Cajal with appreciation of his contnbutions to neu- 
rology 

Athias, M Cajal, Lisboa M6dica ii 831, 1934 

Obituary of Cajal with an evaluation of the man and his work 
Barker, L F Travel notes— Spam and Ram6n y Cajal, JAMA 
43 403, 1904 

Recounts a vacation tap to Spam with a visit to Cajal's laboratory 
and a detailed descnption of the impression Cajal made on the 
author of the article Also an evaluation of Cajal’s work and that 
of his adversary, Bethe 

Buno, W Cajal, Anales, Facultad de Medicina, Montevideo, No 19, 

1934 

Obituary of Cajal with appreaation of his significance to Spam 
and to Latm Amenca 

Cortezo, Carlos, M Cajal, su personahdad, su obra, su escuela, El 
siglo m 4 dico 69 421, 1922 

Analysis of the status of histological knowledge before Cajal, with 
an appraisal of the importance of his contnbutions m the light of 
this 
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of the cells of the retma and of the speaal cell structure of the 
retina of birds 

Grote, Louis Rhyter Radchffe Cajal, Die Medizin der Gegenwart in 
Selbstdarstellungen, Leipzig, Verlag von Felix Meiner, 1925, pp 
1-46 

Account of Cajal's hfe based largely on the Recuerdos 
Guti6rrez, Avelino Homenaje a Santiago Rani6n y Cajal, Bol acad 
nac denied de Buenos Aires 35 146,1935 
Appreaation of Cajal’s work and of his character as a man, teacher, 
philosopher, patnot, prophet, scholar, writer, editor, and mvesti- 
gator An outhne of the vanous stages of his saentific work A 
detailed analysis of his fundamental concepts and of the practical 
application of his discovenes 

Hilton, WiUiam A Cajal’s suggestions for scientific mvestigation, 
Scient Monthly 36 225, 1933 

Article largely drawn from Ga3al’s Reglos y conseps, plus an 
analysis of the philosophy hehmd this advice to young researchers 
and Its general apphcahihty and usefulness 
Jakob, C Santiago Ram6n y Gajal, la sigmficaadn de su ohra 
aentlfica para la neuropsichiatrfa, Semana mdd 42 529, 1935 
Study of Cajal’s contnbutions to a deeper insight mto the struc- 
ture and function of the nervous system and the direct bearmg 
of this more profound understandmg on modem neuropsychiatry 
Jeliffe, S E Cajal, Tr Am Neurol A 60 234, 1934 

Obituary with bnef, mterestmg sketch of Cajal's hfe and a well- 
wntten appreaation of his work 

Jimdnez de Asha, Fehpe El pensamiento vivo de Ca)al, Buenos Aires, 
Editonal Losada, S A , 1941 

Readable summary of the neuron doctrme and of other basic con- 
cepts of Cajal 

Cajal, Revista de cultura y vida umversitana, Umv de Zara- 
goza 12 323, 1935 

Glowmg tnbute to Cajal’s accomphshment m transformmg Span- 
ish saence. 

Jolly, M J Cajal, Bull Acad demed dePansii2 523,1934 

Excellent account of Cajal's discovenes with reference to status of 
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others its synthesis into soaal organisms. He gives his reactions to 
Dr Lluna’s soaal philosophy Interesting sidehght on the man 
and on his approach to hfe 

Lorente de N6, Rafael Transmission of impulses through aamal 
motor nuclei, J Nemrophysiol 2. 402, 1939 

Article by one of Cajal’s students, later connected with the Rocke- 
feller Institute for Medical Research, New York City Sums up 
the electrical theory of transmission of the nervous impulse 
Lugaro, Ernesto Cajal, Revista di patologia nerviosa e mentale, 45 

V, 1935 

Unusually fine evaluation of Cajal’s hfe and work, with portrait 
of Cajal 

Malo de Poveda, B El doctor Santiago Ram6n y Cajal considerado 
como hterato, psic 61 ogo, soadlogo y politico, Nuestro Tiempo, 
Madrid, 22 105, 1922 

Analysis of Cajal’s views and activities as a man of letters, psy- 
chologist, soaologist, and pohtiaan Interestmg sidehghts ^ 
Mannesco, G La cellule nerveuse. Pans, Octave Dom et fils, vol i, 
1909, p 151 ff 

Account of researches on nerve cells done hy Professor Mannesco 
of Bucharest, with a preface by Cajal givmg his estimate of 
Mannesco’s work 

McGuire, Elizabeth La infanaa de Ram6n y Cajal, New York, Holt, 
1925 

A textbook for Spanish students m Amencan high schools and 
colleges Deals only with Cajal’s childhood as related m the 
Recuerdos, with an mtroduction by the author outhnmg Cajal’s 
chief accomphshments and giving an estimate of his importance 
to the advancement of histology and nuerology 
Medicma espanola 2 569, 1940 

Cover cames a drawmg of the head of Ram6n y Cajal Entire 
issue dedicated to his memory on tile fifth armiversary of his 
death 

Die medizmische Welt i o 1 275, 1 936 

Account of Cajal’s hfe and work with a review of the first edition 
of El mundo vtsto a los ochenta ethos, m which Cajal desenbes 
the onset of his ovra artenosclerosis (which he observed carefully 
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Fasonatmg new light on Cajal through anecdotes not previously 
pubhshed Excellent appraisal of the man and his work, by a 
visitor from Amenca who knew him personally 
Pi-Suner, Augusto, and Jaime Pi-Suner Ram6n y Cajal and the 
physiology of the nervous system, J Ment & Nerv Ehs 84 521, 
1936 

Estimate of Cajal’s place among the saentists of his day and those 
of the next generation His relations vnth Kolhker Sherrington’s 
divergence from path charted by Cajal Conflicts with Gerlach, 
Golgi, Bethe Co mm ents on which of Cajal’s theones were refuted 
m a later age and which finally became estabhshed concepts m 
histology and neurology 

Polak, Moises Pio del Rio Hortega, 1882-1945 Cpaniphlet) Buenos 
Aires, Sept 1 947 Matenal also pubhshed m Archives de histologia 
normal y patol6gica 3 4, Sept , 1947 

Detailed account of the work of Dr Pio del Rio Hortega with 
reference to his contacts vnth Cajal, one of whose outstanding 
pupils he was 

Psychiatnsch-neurologische Wochenschnft 37 597, 1933 

Review of the German edition of Reglos y conseps CRegeln imd 
Ratschlage) and an mterpretation of Cajal’s approach to neu- 
rological problems 

Ram6n Garcia, Silveno Luis, and A Pardo Garcia Ligero bosquejo 
de la obra aentifica reahzada por Dr Santiago Ram6n y Cajal, 
Madrid, Umversidad Central de Espana, Facultad de Medicma, 
Trabajos de la cdtedra de histona critica de la medicma, 1934 
Good estimate of Cajal’s life and work 
Rio, A del Santiago Ram6n y Gajal en la hteratura de hoy, Revista 
hispdnica modema 1 97,1935 

Bnef sketch of Gajal’s life and work based largely on the Recuer- 
dos Evaluation of his literary contnbuUons 
Rodriguez, A El premio Nobel y Ram6n y Gajal, El siglo mddico 54 
102, 1907 

Bnef histoncal account of Alfred Nobel and the establishment of 
the Nobel Pnzes Announcement of Gajal’s winnmg the award 
m 1906 Descnption of the medal and the diploma he received 
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Salxiin, J Sanuago Ram6n y Gijal, Mxinchcn mccl Wclmschr 
579 - '>907 

Dncf account of Gipl's hfc and acluc\cmcnl with special refer- 
ence to his w inning the NoIkI Pruc 
ScnisCjT Caial. II Ccr\cllo No n, 

Ohituaiy of Oijal with ohservatmns on his life and worh 
Shemngton, Sir Charles Scott Santiago Uanuan \ Cajal, 1852-193^^, 
Ro\al Socicta of Ijandon, Ohittiaty Nonces of ^cllow^, l^ndon, 
1935, pp 

UnunialK fine account of Cabal’s life and death with an evalua- 
tion of the Mgnificancc of his worh, particularly his neuron doc- 
trine Ills role as precursor in the rehirih of Spanish science is 
discussed Also the achicacnunis of his pupils and followers A 
general estimate of his place in v orld science is gnen 
(D) Siglo medico o , 5 ^t.Oct 20, 103 ^ 

Ohituara of Caial cniitlcil Cn unco 1 net uoso ” Unsigned Ulus 
trated with mans pictures of Capl, including an autographed 
portrait presented to the mari^uie Article c' presses the personal 
gnef of the staff of this journal lUiHrats the article on Cijal hj 
Carlos Corttyo (q \ puhlishcd m loiz Bncf sketch of Cajal’s 
life chicfls uulchtcd to the Jh cicrtios 
Sona, Dr D quiasma opiico cn la cscucla de Cajal, Archnos de 
oftalmologfa 3 5 612,1935 

Detailed stiuh With numerous diagrams, of Cajal’s views on the 
optic chiasma plus an estimate of his contrihution to modem 
knowledge of the smicturc and function of the eje 
Sprong, Willnir Santiago Ram6n a Cajal, Arch Neurol &Ps\chiat. 
33 >56, 1935 

Article wntten hy a jiromismg >oung doctor on the occasion of 
the un\ ciling of 1 3 panels in the friC 7 c of the entrance hall of the 
new Montreal Neurological Institute, one of which is inscnlicd 
wath the name of Cajal Brief but well written account of Cajal’s 
life and work, drawn largely from the Bccueulos, but supple- 
mented by details on his later life and by an estimate of his 
importance to ncurolog)' CSec Neurological Biographies and 
Addresses ) 
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Tello, J F Santiago Ram6n y Cajal, Anales de medicma interna, 3 
io 59 > 1934 

Life of Cajal bnefly outlined New details on his later years and 
his influence in Spam Smcere appreciation hy Cajal’s most 
eminent Spanish pupil and his successor as director of the Insti- 
tuto Cajal 

Cajal y su labor histoldgica, Universidad Central (Cdtedra 

Valdeolla), Madnd, 1935 

An imusuaUy comprehensive study of Cajal’s work dunng the 
three main penods of his creative activity as mvestigator 1877- 
1887, in which he did research m all branches of histology, 
1887-1903, m which he studied the entire nervous system using 
the method of Golgi, 1903-1934, m which he used chiefly the 
methods he himself had devised, prmcipally reduced silver mtrate 
m its multiple forms 

Cajal, Gaceta m^dica espanola, Dec., 1934 

Obituary of Cajal with smcere appreaabon of his gemus 

Cajal, Anatomischer Anzeiger, 80, No 1/4, 1935 

Obituary of Cajal with warm appreaation of his greatness 
Tello, Valdivieso F Cajal, Archivos de medicma, orurgfa y espe- 
aalidades, vol 37, No 42, OcL, 1934 

Obituary of Cajal wnth appreaation of his work 
Vargas, Martinez Profesor Santiago Ram6n y Cajal, Medicma de los 
nmos CFarcelona) 35 289, 1934 

Obituary with sketch of Cajal’s life covermg pomts not mentioned 
m the Recuerdos Honors, monuments Appraisal of his character 
development through the years and of his role as teacher, mimster 
of education, life senator, ophthalmologist, etc Comments on 
Cajal’s hterary style 

Vdlaverde, J M Cajal, Archives suisses de neurologie et de psichi- 
atne, 1936 

Obituary of Cajal -with an evaluation of his hfework 

Cajal, Ztschr f d ges Neurol u Psychiat , 1936 

Obituary of Cajal with an appraisal of his sigmficance 
Walsh, J J Santiago Ram6n y Cajal, discoverer m bram anatomy, 
Saaed Heart Messenger, July, 1901, pp 599-608 

An mterestmg accoimt, popularized for the layman, of Cajal’s 
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work In a ncll known Anicricin phvMCian, anihor, and lecturer, 
with 'Jjvcnl reference to Cajil's winning tlie iMo<;co\v I’ri/e in 
ipeo 

Winkler, C Cipl. Ncdtrl I ijdeelinft Noor Gcncc-'kiinde IV, No 
No\ .19^} 

OhilmiA of Ojil iml apjir.i)e,il of Ins aclucvemcnt 
ADniTioN \i ninniNCJs' 

Ann osp psiclinl diPtnigiiriS ^z2, 19^} 

Cicnens 217. 10^6 (.llrilr',’' 

Ciena T mcnl (Mndtun 15 1,1^96 (IV) n?') 

Corresp met] (MidruH ^5 loco (M irquc/) 

1\C\ nii'd ir^inl jo 5, 

Rc\ s.in nn! CMidnd)25 ^2^ 

Rc\ frcnopii cspni 5 1907 (Sicinclh) 

nisTonicAi nrrrniNCis 

Altamiri \ Crt\ei, Riful Ilwtorn tie Hspirn \ dc h cnilirncion 
espinnh, ed 5, 5 \ols , nircclom, I ItredircK de J Cdi, 1928 1930, 
Ballesteros > Btroiii Antonio I listonn de IVpifn ^ su mflucncia cn 
la Instorn unwcrsnl 9 eok , Bireclom, P Saloat, 1918 19 ji 
Clnprmn, Charles Hdw ird A I hstorv of Spam (based on All mnra), 
rsev. York, AJacmiilan, 1931 

Lafucnlc, Modesto Ihstoria CVincral dc Cspafia continued b) J 
Valera, 25 \ols , Barcelona, Montancr y Sim6n, 18S9 1890 
Madariaga, Sah ador dc Sp iin, Ijondon, Jonathan Cape, 1 9 )2 
Mcndizalx;!, A Idle M.irivrdoni of Spam, Ijondon, GcolTrcy Blcs, 
Centemr) Press, 1938 (Uhthan introduction by Jacques Maritain ) 
Scncourt, Rolwrt Spam, Oxford, 1938 
— Tlic Spanish Crown, Scribner’s, 1932 

* Tlicse arc included for completeness Tlicy arc difiicult to obtain m 
Amcncan libnincs TIic matcnal contained in them has been fully covered 
in articles listed above 
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NEUROLOGICAL REFERENCES’^ 

Adnan, E D Localization m the cerebrum and cerebellum, Bnt 

M J 2 137, 1944 

Aird, R B , and H C NaflFziger Regeneration of nerves after anas- 
tomoses of small proximal to larger penpheral nerves, Arch Surg. 
38 906, 1939. 

Alexander, L The fundamental types of histopathologic changes 
encountered m cases of athetosis and paralysis agitans, A Research 
Nerv & Ment Dis 21 334, 1941 

Allen, W F Results of prefrontal lobectomy on acqmred and on 
acquinng correct conditioned differential responses with auditory, 
general cutaneous, and optical stimuh. Am J Physiol 139 525, 

1943 

Alpers, B J Personality and emotional disorders assoaated with 
hypothalamic lesions, A Research Nerv &MentDis 20 725,1940 

Relation of the hypothalamus to disorders of personality. Arch 

Neurol & Psychiat 38 291, 1937 

Arvanitala, A Effects evoked m an axon by activity of a contiguous 
one, J Neurophysiol 5 89, 1942 

Association for Research m Nervous and Mental Diseases, vol 21 The 
Diseases of the Basal Gangha, Baltimore, Wilham & Wdlans, 1943 
vol 23, Pain 

Baggenstoss, A H , J W Kemohan, and J F Drapiefsky The healing 
process m wounds of the bram, Proc Mayo Chnic 19 419, 1944 
Bard, P Neural mechanisms m emotional and sexual behavior, Psy- 
chosom Med 4 171, 1942 

Bartley, S H Vision— A Study of Its Basis, New York, Van Nostrand, 
1941 

Bodian, D The structxue of the vertebrate synapse, J Comp Neurol 

68 1 17. 1937.73 323.1940 

Boeke, J Problems of Nervous Anatomy, New York, Oxford, 1940 
Bram, W R , and E B Strauss Recent Advances m Neurology and 
Neuropsychiatry, Philadelphia, Blalaston, 1945 

* Those most pertinent to this book are annotated All are of value 
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Brenner, C Injuncs to peripheral nerres— a review of recent litera- 
ture, War Med 5 21, 10^^ 

Bnclncr, R M llic Intellectual Functions of the Frontal Lobes, 
New York, Macmillan, 1936 
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Effects of extirpation in man, pp 353-394 m The Precentral 

Motor Cortex, LI rbana, Univ Illinois Press, 1944 

Cannon, W R The argument for chemical mediation of ncn’c im- 
pubes, m Chcmistrx' and Medicine, edited by Maunce B Visscher, 
Professor of Pin siologv, Unnersitj of Minnesota, Univ Minnesota 
Press, 1940, pp 276 296 

Sums up all the evidence in f av or of the chemical theory’ 

Clark, W E LcGros Visual centers of the brain and their connec- 
tions. Pin siol Rev 22 205, 1942 
Modem theories on nen ous conduction in retina, optic tract, etc , 
including analysis of decussation at the chiasma 

Problems of neuronal regeneration m central nenous system, 

J Anat 77 20,1942,77 251,1942 
Account of experiment by Tcllo on coriic.al nerve graft with sup- 
plcmcntarv’ data on similar work at Oxford (In first of the two 
articles ated ) 

Cobb, S Foundations of Neuropsychiatry', cd 2, Baltimore, Williams 
6c Wilkins, 1941 

Concl, J L Tlic Postnatal Development of the Human Cerebral 
Cortex, Cambridge, Harvard Univ Press, 1941 

Cooper, S , and C S Sherrington Gower's tract and spinal border 
cells. Brain 63 123,1941 

Cow dry’, E V The neuron, in Cytology and Cellular Pathology of 
the Nervous System (PenGcld), vol i, p 3, New York, Hoeber, 

Davis, L The Principles of Neurological Surgery, Philadelphia, Lea, 
1942 
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Denny Brown, D (ed ) Selected Wntings of Su: Charles Shemngton, 
New York, Hoeber, 1940 

Erlanger, J The mitiation of impulses m axons, J Neurophysiol 2 
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Sums up the electncal theory of synaptic transmission 

, and H Gasser Electncal Signs of Nervous Activity, New 

York, Oxford, 1937 

Forbes, A Problems of synaptic function, J Neurophysiol 2 465, 

1939 

Article by professor of physiology. Harvard Medical School Bal- 
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chemical theones of synaptic transmission 
Freeman, W , and J W Watts Psychosurgery, Spnngfield, HI , 
Thomas, 1942 

Fulton, J F Physiology of the Nervous System, ed 2 , New York, 
Oxford, 1943 

Gnnker, R R Neurology, ed 3, Spnngfield, 111 , Thomas, 1943 
Holmes, W , and J Z Young Nerve regeneration after immediate 
and delayed suture, J Anat 77 63,1942 
Howe, H A , and D Bodian Neural Mechanisms m Pohomyehus, 
New York, Commonwealth Fund, 1942 
Kmg, L S Vital stammg of the nervous system, J Anat. 64 177, 

1935 

Analysis of results obtained with use of stams on normal and 
pathological cells 

Kirkman, H , and A E Sevnnghaus A review of the Golgi apparatus, 
Anat Rec 70 413, 1938, 71 79, 1938 
Kneg, W J Functional Neuroanatomy, Philadelphia, Blalaston, 
1942 
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Lcwt;, W H A\on growth nncl rcgcncrntion, Anat Rcc 91 287, 
>945 

Account of oh<:cn’ntion of n\on grow'tlt with conclusion tliat the 
amclxiid end of i\on Icngllicns like an anieha pscudopod 

Liddell, H S Ph\ 'biological p-wchology, Ann Rev. Physiol 3 487, 
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60 389. >937 
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physiological position and dominance of the brain, sensual fusion 
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Liaison Brain Collaborates with Psyche Earth’s Alchemy Two 
Ways of One Mind Conflict with Nature 

TumhuU, F Pam of cancer from neurosurgeon’s viewpoint, Canad 
M A J 45 339, 1941 

Walker, A E Central representation of pam, A Research Nerv & 
Ment Dis 23 63, 1943 

Walshe, F M R Diseases of the Nervous System, Baltimore, Wil- 
hams & Willons, 1944 

Weiss, P Nerve patterns the mechanics of nerve growth, Growth 5 
(supp ) 163, 1941 

White, J C Progress m surgery of the autonomic ner\'ous system, 
Surgery 15 491,1944 

Wolff, H G Some observations on pam, Harvey Lectures, 1943-1944, 
P 39 

Young, J Z Functional repair of nen'ous tissue. Physiol Rev 22 
318, 1942 

Analysis of the mechanics of nerve regeneration accordmg to the 
modem new 

Zilboorg, Gregory A History of Medical Psychology, New York, 
Norton, 1941 


[2,94] 



Abd-clKnm, zjii i 5 ~ 

Acctjlcholinc, 267 
Achucano Nicoli*:, 100, 

An<^lo, 33 
Admn, Dr, 161 
Albrcclit, Dr , ico 
Alcolca, battle of, 39 
/Mfonw Ml, 11, 30. 5 ^' ^ 5 * 9 ®» 

99 110, lit, 177, 15* 

Nauonal Iifiututc of Hjpcnc, 
101 

Alfon^ Mil, ni,iit,ito-ii 5 . 133. 
234, 148, 251, 152, 253, 154. 155 . 
156. 257 
Amadco I 56 

Amanicl, suburb of Madnd, 259 
Aua]cs dc In Socirdad Zsyatloh dc 
HiStona Natural, 159 
Andalusia, 57, 59, 63 
Anesthesia, 265 
Anbcholera s'accine, 107 
Antonia, Dona, 4, 27, 30 
Apathy, Dr S , 207, 228, 229 
Aquinas, St. Thomas, 37 
Aramendia, 94 
Argcl, 71 

Argentine Repubhe, 130 
Anslollc, 37 

Anmjo, Marquis dc la Vega dc, 222 

Aitcnosclcrosis, 259 

Asis, Franasco de, 11, 12 


Astrocytes, 269 

Astums, Pnnee of, 12, 56, 222, 256, 

257 

Axis ctlindcr, defined, 125 
Axon defined, 124, 125. *47 
growth of, 1 }8, 270 
Axcrlx., 13, 17. *8, 22, 24, 30, 35, 
3b, 30 , „ 

Aiafn. Manuel, 257, 258 
A7cdn, 27, 28 

A70ulay, LAan, 149. *5i. *“*> 10° 

Bactcnology , nsc of, 46, 109, no 
Hag'l. 70, 75 
Biilo, Mnnano, 41 
Balhrin, Florcnao, 41, 42 
Dalwc, llonord dc, 3* 

Barcelona, 57, 61, 122, 14b. * 53. 1* *» 
223, 224, 234. 254 
Baroja, Pfo, 188 

Baulcs > Bclirdn dc Lis, Professor, 153 
Battcnlicrg, House of, 219 
Beatnee, Pnnccss, 119, 220 
B6clard, Pienc Augustin, 42 
Berbers, 223 

Berenguer, General, 254 
Berea, 60 

Berkeley, George, 54 
Berlin, 142, 143. *45. *81 
Bernard, Claude, 130 
Bethe, Albrecht, 172. 207, 211, 212, 



Index 


Bielchowsky, Max, 269 
Blanco, Marshal, 185 
Blocking, 266, 268 
Bolzmann, L , 195 
Boston CMass ), 198 
Bourbon, House of, 10, 41, 55, 100, 
177, 220 

Bram anatomy, 126, 132, 143 
Buenos Anes, 216, 238, 240, 255, 
258 

Burdeos, 61 
Burgos, 78 

Busto, Marquis del, 157 

Cadiz, 57, 62, 177, 181 
Caf6 de Levante, 156 
Caf6 Suizo, 43, 156, 157, 220 
Calleja, Dr, 157, 189 
Calvm y Martin, Dr, 157 
Camaguey, 65, 68 
Cambndge Umversity, 162, 163 
School of Physiologists, 267 
Canadds, Angel, 232 
Canalejas y M6ndez, Jos 4 , 184, 224, 
225 

Cannon, W B , 268 
Cdnovas del Castello, Antomo, 99, 
no, 177, 185, 234 
Carhsts, 59, 65, 66, 98, 99 
Carlos, Don, 57, 59, 66, 98, in 
Carlotta, 10 
Cartagena, 57 
Casas, Genaro, 47, 48 
Cascorro, 68 

Casino de la Agncultura, 104, 119 
Casmo Mditar, 137 
Castelar, Enuho, 50, 55, 57, 58, 59, 
65, 66, in, 173, 174, 175, j8o 
Castro, Fernando de, 209, 242, 245, 
248, 259, 260, 274 
Cataluna, 57, 60, 61, 92, 154, 221, 
222, 234, 235, 251 
Cathohc Church, 177, 220, 223, 224, 
225, 257 
Cell, defined, 125 
basket cell, 137 
cell body, defined, 124, 125 
cell theory, 47 
granule cell, 37 

[296] 


pyiarmdal cell, 192, 194 
supportive cells, 270 
Cells of Schwann, 158 
Cellule (la), 158 
Cenairo, 61, 62 

Cerebellum, 131, 149, 150, 229 
Cerebral cortex, 131 
Cerebrum, 131, 151, 189, 192 
Cervantes, Miguel de, 32, 71, 157 
Chdcharas de cafd, 259, 271 
Charlas de cafi, 106, 155, 271, 272 
Charles HI, 98 

Chateauhnand, Frangois Rend, Vis- 
count de, 31, 62, 90 
Chemotherapy, 143 
Cholera epidemic, 106-108, no 
Chrome-silver (silver chromate) meth 
od, see Starrung methods 
Chrotmdial substance, defined, 125 
Clark Umversity, 193, 196, 197 
Collateral, defined, 124 
Color photography, 232 
Committee for Widerung the Scope of 
Education, 226, 228 
Committees of defense, 234 
Condillac, Etienne Bonnet de, 37 
Condibomng, defined, 129 
Condorcet, Marquis de, 227 
Conejero, Maria, 232 
Consciousness, 265 
Constitution, 55, 98, 99, no, 157, 
219, 234, 251, 252, 253, 255, 256, 
257 

Contact, transmission of the nervous 
impulse by, 137, 140 
Cortes, 55, 56, 66, 224, 234, 247, 
257, 258 
Creoles, 63, 64 
Croone, Wdham, 160 
Crooman Lecture, 160, 162, 166 
Craveilhier, Jean, 44 
Cuando yo era nifio, 271 
Cuba, 10, 60, 61, 64, 69, 71, 79, 83, 
90, 97, 98, 156, 183, 184, 185, 186, 
187, 195, 196, 198, 253 
Cuentos de vacactones, 233, 271 
Cmderas, 31 
Cytoplasm, defined, 125 



Djina, Manuel, 56 
Dannn, Clinrlc^, 03, 165, 241 
Duo, Eduanlo, 225 
Death, 262 

Dccus>ation of optic ncn-cs, 189, 190, 

191. > 9 ' 

Defoe, Daniel, 32 
Dendnto defined, 124 
DepresMon 253, 258 
Dcnca, George, 1S6 
Dnno lie mi'ov, 173 
'Doctor Bnetem ' 113,233 
Doctrine du tic irotte— fhdone et faits, 
218 

Don Qiiuxotc, 32, 271 
Dreams, 261 
Dumai, j ere, 31,32 
Duial Shthia>i, 149, 152, 161 
Dmamic pohnt\ of ilic neuron, 
theory of, 146, 164, 16S 

-43 

hleual, 247 

Edingcr, Ludwig, 1,3, 168, 236 
Edison, Thomas A , 199 
Education, 145, 166, 225, 226, 257, 
267, 26S 

Edward VJI, 219, 220 
Effectors, 127 

Ehrheh, Paul, 143, 172, 1S9, 236, 
255, 269 

Embryo, ucc of, 135, 16S, 207, 208 
Embrsologists, 144 
Ena, 219, 220, 221, 256 
England, 160-166, 220, 226 
Ependma, 238 
Eiculapian fatlicrs, 20, 21, 26 
Cspona (ship), 62, 77, 246 
Espronceda, Josd dc, 31, 50 
Esiiidtos sobre la dcgatcractdit y la 
Tcgcncractdn del sislcttia ticn'ioso, 
230 

Eugi-nic, Empress, 39, 220 
Eroluuon, thcorj’ of, 93 

of the nervous sjstcm, 127, 169, 
>71 

Fabre, Jean Henn, 43 
Facihtation, 264 


Ivdcx 

Fanands Garefa, Silvcna, 97, loi, 195, 
198, 259, 262 
ramcllc Prize, 182 
1 cnollo, 35 

Fcitlinand VII, 10, 41, 57 
Icmln, Dr, 107, 108 
Ferrer, Fnnasco, 223, 224 
Femer, Divid, 166 
Final common path, 128, 264 
Fine stniclurc dcs centres nerveux 
(la), 161 

Flcchsig, Paul, 170 
1 Orel, Auguste Henn, 138, 139, 195 
Fwter, Michael, 161, 163, 165 
Frincc, 10, 11, 223 
Iranco, Francisco, 258 
Franco Prussian war, 56 
Frankfort am Main, 143 
Free endings, tlicorj' of, 138, 139 

Ganglia, 130, 229 

General Considerations on the Mor- 
pholog) of the iVcnc Cell, 169 
Genatnes, 209 

Gcrlacl), Joseph saan, 138, an 
German Anatomical Soaciy, 142- 

144 

Gimcno, Amaho, 201, 260 
Gincr dc los Rios, Francisco, 177, 178, 
179, 180, 227 
Gland, defined, 127 
Gha, 238, 269, 270, gha stain, 269 
Gliomas, 269 

Gocilic, Johann Wolfgang son, 32 
Golgi, Gamillo, 132, 133, 134, 135, 
138, 139, >42, >44. >45, >48, >49, 
159, i68, 211, 215, 217, 218, 219, 
228, 231, 269 

network theor)’, 138 
rcucular apparatus, 125, 231 
staining method, 131, 132, 133, 
148 

G6mcz, Dr , 157 
Gottingen, 145 

Granada, 57, 89, 93, 94, 100, 155 
Grau, Dr , 68, 69, 70, 75 
Gray matter, 126, 170 
Growth cone, 148 
Guam, 187 


[297] 



Index 

Habit formation, 268 
Haeckel, Ernst, 93 
Hall, G Stanley, 196, 197 
Hallucmabons, 171, 266 
Havana, 63, 69, 185, 186 
Hearst, Wilbam Randolph, 185 
Held, H , 152, 168, 228, 229 
Helmholtz, Hermann Ludvsag Fer- 
dmand von, 210 
Medal, 210 

Hemophiha, 220, 222, 253 
Henle, Fnednch Gustav Jakob, 51 
Hippocampus, 157, 158, 159 
His, Wilhelm, 138, 139, 145, 147, 
149 

Htstologia, 1 12 
Histologists, 144, 242 
Histology, 84, 85, 109, no, 112, 114, 
157. 235, 261, 270 
HohenzoUem-Sigmarmgen, Leopold 
of, 56 

Holiday Tales, 233, 271 

Huesca, 3, 13, 20, 26, 27, 28, 29, 32, 

41 

Hugo, Victor, 31, 32, 50, 90 
Huxley, T H , 93 
Hypnotism, 119 
Hystena, 265 

Elusions, 266 
Immunity, 143 
Inhibition, 129, 264, 268 
Instmcts, 268 

InsUtuadn Libre de Ensefianza, 178 
Insbtuto Cajal, 244, 248, 249, 259, 
260 

Integration, 268 

International Medical Congress, 169, 
199, 203, 226 

Isabel n, 9, 10, II, 12, 34, 35, 38, 39, 
55, 56, 57, 59, 98, 99 
Isabel, Infanta, 12 
Italy, 145, 203, 251 

Jaca, 13, 20, 21, 23, 255 
Jacinto, Father, 22, 23 
Jimeno, Joaquin, 50 
Junta para Amphaadn de Estudios, 
226, 228 
[298] 


Justo, Don, 16, 17, 18, 20, 21, 24, 25, 
26, 30, 33, 36, 37, 38, 40, 41, 43, 
44, 48, 61, 62, 76, 90, 91, 95, 96 

Kelvin, Wilham Thomson, Lord, 162, 
210 

Kmg’s College, 162, 163 
Koci, Robert, 104, 106, 108, 143 
Kblhker, Albrecht von, 51, 88, 144, 
147, 159, 160, 168, 182, 189, 191 
Krause, Wilhelm, 117, 145, 236 
Krausist philosophy, 176, 177 
Kuppfer, Wilhelm, 147 

Laboratono de Investigaaones B10I6- 
mcas, 203, 235, 237, 243 
Laboratory of Normal and Pathologi 
cal Histology, 271 
Lafora, Dr, 209 

Lamartme, Alphonse Mane Louis de, 

31, 90 

Langley, John, 164 
Larfe, 3, 5 
Latm Amenca, 200 
Lawrence, Thomas, 160 
Ledesma, Francisco, 69, 89 
Lenhossdk, Michael, 149 
Ltoda, 59 
Lerroux, 255 

Le Sage, Adam Ren6, 31, 32 
Letamendi, Dr , loi, 157 
Lunds de Marcuello, 35, 36 
Lite, Dr , 107 

Lithographic pnntmg, 93, 10 1 
Llobregat, 60 
Lluna, Dr , 182 

Localization of cerebral functions, 
193, 265 
Locke, John, 37 
London, 1 60-1 66 
Louis Napoleon, 65 
Louis Phuippe, 11 
Louvam, 145, 236 
Lubbock, John, 164 
Lugaro, Ernesto, 273 
Lmsa Fernanda, ii, 99 
Luna, 5 

Lyautey, Louis Hubert Gonzalve, 
252 



Index 


McKin 1 c\, Willnm, 185, 1S6, 107 
Microgln, 238 

Madampi. SnKidor dc, 98, 179 
^^ad^d, 3Q, 6 ft, 78, 81, 82, 05, loo, 
lot, no, 123 J 33 * > 52 . > 51 . > 55 . 
>67, 173, 176, 177, 178, 200, 211, 
244, 255, 258, 271 
flJafrtro t 10 (cl), 238 
Maine, 185 
Milaga, 57 
Malana, 67, 76, 132 
Manrts.!, 60 

Mnir® dc Zunitji Gcncnl, 36 
Afnmial tie >!U(ofoqfa itonnal ) i^entea 
niiaoqr.J/jca, 1 1 2 
Minfion, Greqono 255 
Marclii \'itionn, iSr 
Maria CnMim (Horitbon), 10, 12 
Maria Cmtim (Hip'burp), ico, no, 
in, 18s, 201, 219, 220 
Manana Itnnde, 31 
Manc-Amilic, n 
Mannl, 163 

Martinet, V.nnji*;, Dr , 228 
Maun, Antnnio, 222, 224, 23? 

Maura Miguel, 235, 257 
Maximilnn, 10 
Maw, Cinmno dc, 1(15 
Mcdizibcl, Alejandro, 53 
Medulla, 131, 168, 229 
Mellila, 223, 251 
Memorj, 265 

Mendardez Pidal, Ramin, 227, 271 
Mental di.^a.«s, 143, 266 
Mercedes, 99, 100 
Menno, Kliguel, 181 
Mem del Vnl, Rafael, zn 
MctclinikoiT, Oie, 109 
Mctlijlcne blue, see Staining mctliods 
Mexico, 10 

Meynert, Theodor, n8, 170 

Michel’s theory of decussation, 189 

Microbiologj’, 106 

Microglia, 238, 240, 244, 269 

Microscopy, 88, 112 

Midbrain, 131 

Molti, Puig, 12 

Monlora, 5 

Montello, NicoMs, 46 


Montpcnsicr, Dube of, n, 99 
Montreal Neurological Institute, 249 
Morct, Scgisiuuntio, 184, 185, 222, 
224, 225, 226 

Moroccan war, 10, 12, 34, 223, 251, 
2 .^ 2 . 

Morocco 9, 10, 223, 224, 251, 258 

Moml, 221, 223 

Mononcs, Josd, 51, 52 

Momones, General, 34 

Mono Castle, 63 

Moscow Pnre, 199, 200 

Mosso, A , 195 

Mountbatten, House of, 219 

Mu; rr (Jo). 271 

Muic\ cl Abbas, 9 

Miim/o risto a los ochciHa nfios (cl), 
259, 260, 271 

Muuor, I cmanJo, lo, ii, 12 
Muscle, dclintal, 127 
Museo Antropoligico, 248 
Mussolini Iknilo, 251, 252 
Myelin, defined, 125 

sheath, 125, >~6. >58, 17° 

Napoleon III, 65 
Nnn’ict, 10, 38 

National Institute of Hygiene of Al 
fonso Xll, 23"' 

Ncrac, defined, 125 
cell, see Neuron 
fiber (process), 124, 125, 137, 
140 

Ncrs'ous 

degeneration, 166, 229, 270, 271 
impulse, mcdiauon of, thcones, 
267 

pathology, 126, 143, 209, 266 
regeneration, 158, 212-214, 229, 
230, 270, 271 
response, 127 
stimulus, 127 
Nenous system 

autonomic, 130 
central, 130 

development, 136, 146, 147, 148, 
158, 171, 2to, 211 
divisions, 130 
function, 127 

[^99] 



Index 


Nervous System Cco«t ) 
peripheral, 130 
structure, 124, 152 
Network theory, 138, 141, 144, 148, 
171, 173, 207, 211, 218 
Neural avalanche, 171 
Neunlemma, 126, 213 
Neurohions, defined, 213 
Neurofibnls, 125, 204, 206, 207, 228, 
237 » 244, 269 

Neuroglia, 125, 232, 238, 265 
Neurology, 118, 140, 148, 212, 263, 
264 

Neuron, defined, 124, 125, 141 

assoaational (adjustor), 127, 149 
doctrine, 141, 148, 21 1, 212, 
214, 229, 249, 264 
motor (efferent), 127, 229 
sensory (afferent) 127, 229 
with short axon, 193, 194 
iNeuTonismo o rettculanstno?, 262 
Neuro tropic 

substances, 158 

theory, 148, 157, 229, 230, 260, 
262 

Neuropsychiatry, 266 
Neurosurgery, 127, 266 
Newton, Isaac, 165, 189 
New York, 195, 196, 199 
Nietzsche, Fnednch, 117 
Nissl’s granules, 125 
N6, Lorente de, 245 
Nobel, Alfred, 217 

Nobel Foundation, 216, 217 
Nobel Prizes, 43, i6i, 215, 216, 
228, 249 

Noiivelles id^es sur la fine anatomte 
des centres nerveux, 192 
Nucleus, defined, 125 
Nuevitas, 65 

Ocana, Dr , 157 
0 ’D 6 nnell, Leopoldo, 9, 10, 38 
Olfactory bulb, 1 50 
Ohgodendrogha, 238, 244, 269 
016 nz, Fedenco, 100, loi, 155, 157, 
187, 255 
Opbc center, 241 
Opnc chiasma, 189 
[300] 


Orovia y Echague, Manuel, 177 
Ortega y Gasset, Jos6, 255 
Oscar n, 217 

Oxford Umversity, 162, 163, 164, 230 

Palladmo, Eusapia, 261 
PanUcosa, 91 
Pardmas, 225 
Pans, 149, 200, 257 
Paseo de Atocha, 243, 248 
Pasteur, Loms, 104, 109, 250 
Pau, 39 
Pavia, 145 

Pavia, General, 59, 65, 66 
Pavlov, Ivan Petrovich, 129, 268 
Penfield, Wilder, 249, 261, 275 
Pensamietitos escogtdos, 271 
P6rez de Ayala, Ram6n, 255 
P6rez Gald6s, Benito, 225 
Pendendnte spmes, 137 
Petdla, 2, 4 

Phihppme Islands, 183, 186, 187, 198 
Phonograph, 199 

Photogra^y, 84, 92, 93, loi, 119, 
232, 237 
Picard, E , 195 
Pierrad, General, 34 
Pi-Suner, Augusto and Jaime, 264 
Pius IX, 98, III 
PI y Mar^, 57, 175, 184 
Platt Amendment, 187 
Poblador, 51, 52, 53 
Polak, Moises, 238, 240 
Polarization, theory of dynamic, 150, 
151, 267 
Pons, 1 3 1, 168 
Popular Front, 258 
Prado (el), 155 

Prim, Juan, 9, 10, 34, 38, 39, 56 
Pnmo de Rivera, Miguel, 98, 250, 
251, 252, 253, 254 
Protoplasm, 116, 125, 265 
Pstcologta de Don Quijote y el qtn 
jotismo, 271 
Psychoanalysis, 266 
Psychology, 118, 126, 132, 164, 169, 
170, 171, 198, 261, 264, 268 
Puerto Prinape, 65, 68, 69, 74, 75 > 
76 



Puerto Ritx), 186, 187 
Pyrenees, 13 


Index 


Quatro Caminos, distnct, 200 
Quevedo, Franasco, 31 

Rabies, 208 

Ram6n Casasus, Justo, see Justo, Don 
Ramdn y Cajal CPedro), 5, 18, 33, 34, 
61, 150, 181, 189, 204 
Ram6n y Cajal CSantiago) 
autobiography, 229 
birthplace, 2, 4 
books, see under Mies 
brothers and sisters, 5, 18, 33, 34, 
61, 91, 92, 150, 181, 189, 204 
children, 97, 103, 107, 119, 137, 
146, 150, 154, 232, 260 
parents, see Antonia, Dona, and 
Justo, Don 

wife, 97, loi, 195, 198, 259, 262 
See also Neuron doctrme, Polan- 
zation, etc 

Ranvier, Louis Antoine, 84, 88, 93, 
118, 131 
Receptors, 127 

Reciierdos de tnt vtda, 188, 189, 271 
Reflex arc, 127, 268 

conditioned, 129, 170, 268 
Regeneration, Era of, 188 
Reghsy consejos, 181, 182, 227, 244, 
271 

Response, 127 

Restoration, 65, 99, 100, 177 
Reticular hypothesis, see Network 
theory 

Retina, 150, 151, 157, 158, 171, 241 
Retiro (el), 156, 248 
monument, 248 

Retails, Magnus Gustav, 144, 149, 
i6r, 215, 217, 236 

Rernsta tnmestral, 136, 142, 180, 181, 
203 

Revolution, 38, 55, 66, 173, 177 
Rhmencephalon, 159 
Riano, Facundo, 167 
Riff war, 223, 251, 252 


Rio Hortega, Pfo del, 232, 237, 238, 
239, 240, 241, 244, 249, 261, 269 
Rfos, Ramdn, 81 
Rioz, Dr, 82 
Rohtnson Crusoe, 32 
Romanones, Count, 221, 225, 233 
Rome, 169, 226 
Roosevelt, Theodore, 185, 217 
Rousseau, Jean Jacques, 37 
Royal Academy of Medicine, (Ma- 
^d), 182 

Royal Academy of Music (Stock- 
holm), 217 

Royal Academy of Saence 
Berhn, 210 
Madrid, i8i, 248 

Royal Carohne Institute (Stock- 
holm), 215 

Royal Soaety of London, 160, 165, 
275 

Rubio Prize, 182 


Sagasta, Praxedes Mateo, 99, no, 
III, 112, 184, 185, 234 
Sagunto, 66 

Samt Pierre, Bemardm de, 62 
Sala y Pons, Dr , 189 
SahsDury, Stephen, 196 
Salient, 60 

SalmenSn, Alfonso, 57, 175, 176 
Salmon, D E , 108 
Salvarsan, 143, 255 
San Carlos, College of, 95, 152, 157, 
167, 255 

SAnchez, Domingo, 241, 245 
San Isidro, 70, 73, 74, 75 
San Jerdnuno, 220 
San Juan, P R , 63 
de la Pena, 91, 92 
San Miguel de Nuevitas, 70 
San Sebastian, 38, 252 
Santander, 77, 78 

Sappey, Mane Phihbert Constant, 44 
Schopenhauer, Arthur, 116 
Schultze, Max, 270 
Schwalbe, Gustav, 118 
Schwann, Theodor, 47, 114, 213 
Second French Empire, 56 
Semac, 41 


[301] 



Index 


Sense organ, 127 

Serrano, Francisco, 11, 12, 38, 39, 56, 
57, 66, no 
Seville, 57 

Sheath of Schwann, 126, 213 
Sherrington, Charles Scott, ix— xv, 
161, 162, 164, 267, 275 
Silvela, Francisco, 201, 202 
Silvena (Fanands y Garda), 97, 101, 
195, 198, 259, 262 
Sdvestre, General, 251 
Simatro, Luis, 133, 134, 245 
Ststema neretoso del homhre y de los 
vertehrados Cel), 152 
Sleep, 265 
Smell brain, 159 
Srmth, Theobald, 108 
Socialists, 234, 255, 258 
Society of Biology (Pans), 182 
Solano, Bruno, 42, 43 
Sorbonne, 271 

SoroUa y Bastida, Joaquin, 242 
Spam, history of 

Civil War, 255, 258, 260 
First Spanish Repubhc, 58, 59, 
65, 66, 175 
Regency, 110-112 
reign of Alfonso Xfl, 98-100 
reign of Alfonso Xiil, 219-225, 
233-^35 

reign of Isabel II, 9—13 
Restoration, 65, 99, 100, 177 
Second Spanish Repubhc, 256, 
257 

September revolution, 38—39 
Spamsh-Amencan war, 183— 
189, 198, 199 
World War I, 233 
Spam, map of, 15 

Spamsh-Amencan war, 183—189, 
198, 199 

“Spanish marriages,” 1 1 
Spanish school of histologists, 242, 
244, 245, 248, 271 
Spanish surnames, 3 
Spencer, Herbert, 116 
Spmal cord, 126, 127, 130, 149, 150, 
229 

[302] 


Staining methods 

ammomacal silver mtrate, 85, 
269 

chrome silver, see "silver stain” 
helmv 

gold chlonde, 85 
gold subhmate, 232, 269 
methylene blue (Ehrhch’s), 143, 
172, 189, 269 
silver carbonate, 238, 239 
silver mtrate, 269 
"silver stam” (Golgi’s), 131-133, 
142, 144, 148, 173, 203, 269 
transparent (reduced silver m- 
trate), 203, 205, 208 
uramum mtrate, 231 
Stimulus, 127 

Structures et connexions des neurones, 
218 

Studies of the Degeneration and the 
Regeneration of the Nervous Sys- 
tem, 230 
Sue, Eugene, 31 

Suffrage movement, 196-197, 198, 
257 

Summation, 128, 264 
Sydenham, Thomas, 106 
Sympathm, 267 
Synapse, 128, 268 
Syphihs, 206 

Tangier, 62 
Tdrrega, 60 

Tello, Francisco, 189, 204, 207, 214, 
230, 242, 244, 247 
Tennmal arborizations, defined, 124 
Tetudn, 9, 13 

Textura del sistema nervtoso, 193, 
208, 270 

Thalamus, 131, 168 
"Third element,” 237, 238, 239, 240, 
269 

Topete, Admiral, 39 
Trahajos del laboratono de tnvestiga- 
Clones hwUSgtcas, 181, 203 
Trochas, 71 
Tuberculosis, 143 
Tudela, Tomds Pdrez de, 232 



Index 


Tumors and cancer, 172, 269 
Tyndall, John, 43 

Unamuno, Miguel de, 253 
Umted States, 10, 72, 183, 184, 185, 
187, 193, 196, 197. 236 
Upsala Umversity, 219 
Uruguay, 61 

Vaccmation, 108 

Valencia, 57, 97, 100, loi, 102, 103, 
105, 106, 107, no, 1 12, 118, 123 
Valpahnas, 5, 13 

Van Gehuchten, Arthur, 145, 148, 
150, 168, 204, 212, 214, 236, 273 
Valle-Incldn, Ram6n de, 188 
Ventura, Don, 37 
"Venus de Mdo,” 52, 53, 54 
Verne, Jules, 50 
Via 4 n, 38 

Victor Emmanuel 11 , 56 
Victoria, Queen, ii, 219, 220 
Victona Eug 4 me, see Ena 
Vienna, 195, 200 
Villaluenga, 69 
Villaverde, Dr , 245 


Vina, Leonardo da, 19 
Virchow, Rudolf, 46, 47, 114, 161, 
181, 210 

Vision, types of, 191 
Vista Hermosa, 65, 66, 68, 70 
Vizarra, J Gimeno, 173, 174, 175 
Voltaire, Frangois Mane Arouet, 37 

Wagner, Richard, 156 
Waldeyer, Wilhelm, 87, 141, 145, 
149, 210, 212, 236 
Waller, Augustus, 212 
Wagert, Karl, 143, 191, 270 
Wasmann, August, 179 
Weyler, Valenano, 18'', 224 
White matter, 1 26 
Worcester (Mass ), 193, 196, 198 
World War I, 157, 233, 235 
Wurzburg, 182 

Zamora, Alcala, 255, 256, 257, 258 
Zaragoza, 20, 41, 43, 61, 78, 80, 81, 
82, 89, 93, 94, 95, 107, 108, 109, 
112, 122, 154, 173, 261 
Zonlla, Jos6, 50 


[303I 



